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FOREWORD 

Users of various civil engineering codes have been feeling the need for explanatory hand- 
books and other compilations based on Indian Standards. The need has been further emphasized 
in view of the publication of the National Building Code of India 1970 and its implementation. 
In 1972, the Department of Science and Technology set up an Expert Group on Housing and 
Construction Technology vmder the Chairmanship of Maj-Gen Harkirat Singh. This Group 
carried out in-depth studies in various areas of civil engineering and construction practices. 
During the preparation of the Fifth Five Year Plan in 1975, the Group was assigned the task 
of producing a Science and Technology plan for research, development and extension work 
in the sector of housing and construction technology. One of the items of this plan was the 
production of design handbooks, explanatory handbooks and design aids based on the National 
Building Code and various Indian Standards and other activities in the promotion of National 
Building Code, The Expert Group gave high priority to this item and on the recommendation 
of the Department of Science and Technology the Planning Commission approved the follow- 
ing two projects which were assigned to the Indian Standards Institution: 

a) Development programme on Code implementation for building and civil engineering 
construction, and 

h) Typification for industrial buildings. 

A Special Committee for Implementation of Science and Technology Projects (SCIP) 
consisting of experts connected with different aspects (jee pageviii) was set up in 1974 to advise 
the ISI Directorate General in identification and for guiding the development of the work under 
the Chairmanship of Maj-Gen Harkirat Singh, Retired Engineer-in-Chief, Army Headquarters 
and formerly Adviser (Construction) Planning Commission, Government of India. The 
Committee has so far identified subjects for several explanatory handbooks/compilations 
covering appropriate Indian Standards/Codes/Specifications which include the following: 

Functional Requirements of Buildings 

Functional Requirements of Industrial Buildings 

Summaries of Indian StandardsTor Building Materials 

Building Construction Practices 

Foundation of Buildings 

Explanatory Handbook on Earthquake Resistant Design and Construction (IS : 1893 

IS : 4326) 
Design Aids for Reinforced Concrete to IS : 456-1978 
Explanatory Handbook on Masonry Code 
Commentary on Concrete Code ( IS : 456 ) 
Concrete Mixes 
Concrete Reinforcement 
Form Work 
Timber Engineering 
Steel Code (IS: 800) 
Loading Code 
Fire Safety 
Prefabrication 
Tall Buildings 

Design of Industrial Steel Structures 
Inspection of Different Items of Building Work 
Bulk Storage Structures in Steel 
Bulk Storage Structures in Concrete 
Liquid Retaining Structures 



Construction Safety Practices 

Commentaries on Finalized Building Bye-laws 

Concrete Industrial Structures 

One of the explanatory handbooks identified is on IS : 456-1978 Code of practice for 
plain and reinforced concrete ( third revision ). This explanatory handbook which is under 
preparation would cover the basis/source of each clause; the interpretation of the clause and 
worked out examples to illustrate the application of the clauses. However, it was felt that some 
design aids would be of help in designing as a supplement to the explanatory handbook. The 
objective of these design aids is to reduce design time in the use of certain clauses in the Code 
for the design of beams, slabs and columns in general building structures. 

For the preparation of the design aids a detailed examination of the following handbooks 
was made : 

a) CP : 110 : Part 2 : 1972 Code of practice for the structural use of concrete : Part 2 
Design charts for singly reinforced beams, doubly reinforced beams and rectangular 
columns. British Standards Institution. 

b) ACI Publication SP- 17(73) Design Handbook in accordance with the strength design 
methods of ACI 318-71, Volume 1 (Second Edition). 1973. American Concrete 
Institute. 

c) Reynolds (Charles E) and Steadman (James C). Reinforced Concrete Designer's 
Handbook. 1974, Ed, 8. Cement and Concrete Association, UK. 

d) Fintel (Mark), Ed. Handbook on Concrete Engineering. 1974. Published by Van 
Nostrand Reinhold Company, New York. 

The charts and tables included in the design aids were selected after consultation with 
some users of the Code in India. 

The design aids cover the following: 

a) Material Strength and Stress-Strain Relationships; 

b) Flexural Members ( Limit State Design ); 

c) Compression Members ( Limit State Design ); 

d) Shear and Torsion ( Limit State Design ); 

e) Development Length and Anchorage ( Limit State Design ); 

f) Working Stress Method; 

g) Deflection Calculation; and 
h) General Tables. 

The format of these design aids is as follows: 

a) Assumptions regarding material strength; 

b) Explanation of the basis of preparation of individual sets of design aids as related 
to the appropriate clauses in the Code; and 

c) Worked example illustrating the use of the design aids. 

Some im^/urtant points to be noted in the use of the design aids are: 

a) The design units are entirely in SI units as per the provisions of IS ; 456-1978. 

b) It is assumed that the viser is well acquainted with the provisions of IS : 456-1978 
before using these design aids, 

c) Notations as per IS : 456-1978 are maintained here as far as possible. 

d) Wherever the word 'Code' is used in this book, it refers to IS : 456-1978 Code of 
practice for plain and reinforced concrete (third revision). 

e) Both charts and tables are given for flexural members. The charts can be used con- 
veniently for pjeliminary design and for final design where greater accuracy is needed, 
tables may be used. 

vi 



f) Design of columns is based on uniform distribution of steel on two faces or on four 
faces. 

g) Charts and tables for flexural members do not take into consideration crack control 
and are meant for strength calculations only. Detailing rules given in the Code should 
be followed for crack control. 

h) If the steel being used in the design has a strength which is slightly different from the 
one used in the Charts and Tables, the Chart or Table for the nearest value may be 
used and area of reinforcement thus obtained modified in proportion to the ratio of 
the strength of steels. 

j) In most of the charts and tables, colour identification is given on the right/left-hand 
corner along with other salient values to indicate the type of steeJ; in other charts/ 
tables salient values have been given. 

These design aids have been prepared on the basis of work done by Shri P. Padmanabhan, 
Officer on Special Duty, ISI. Shri B. R. Narayanappa, Assistant Director, ISI was also 
associated with the work. The draft Handbook was circulated for review to Central Public 
Works Department, New Delhi; Cement Research Institute of India, New Delhi; Metallurgical 
and Engineering Consultants (India) Limited, Ranchi, Central Building Research Institute, 
Roorkee; Structural Engineering Research Centre, Madras; M/s C. R. Narayana Rao, Madras; 
and Shri K. K. Nambiar, Madras and the views received have been taken into consideration 
while finalizing the Design Aids, 
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/ck - 20 N/mm2 


/y 


— 415 N/mm» 


Thickness — 200 cm 
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/ck «= 20 N/mm* 
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Thickness — 22-5 cm 
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/ck - 20 N/mm* 
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-415 N/mm* 


Thickness — 250 cm 
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SYMBOLS 



/J, - 

A, -= 

Ate ■* 

-4»i, -= 

flee = 

flc» = 

/7 mi 



d 
ci',d* 



£c 
E, 



/« 



Area of concrete 

Gross area of section 

Area of steel in a column or in a 
singly reinforced beam or slab 

Area of compression steel 

Area of stirrups 

Area of additional tensile 
reinforcement 

Deflection due to creep 

Deflection due to shrinkage 

Breadth of beam or shorter 
dimensions of a rectangular 
column 

Effective width of flange in a 

T-beam 
Breadth of web in a T-beam 

Centre-to-centre distance between 
corner bars in the direction of 
width 

Overall depth of beam or slab or 
diameter of column or largev 
dimension in a rectangular 
column or dimension of a 
rectangular column in the 
direction of bending 

Thickness of flange in a T-beam 

Effective depth of a beam or slab 

distance of centroid of com- 
pression reinforcement from 
the extreme compression fibre 
of the concrete section 

Centre to centre distance between 
comer bars in the direction of 
depth 

Modulus of elasticity of concrete 

Modulus of elasticity of steel 

Eccentricity with respect to major 
axis (j;x-axis) 

Eccentricity with respect to 
minor axis (j'>'-axis) 

Minimum eccentricity 

Compressive stress in concrete at 
the level of centroid of 
compression reinforcement 

Characteristic compressive 

strength of concrete 



f„ B Flexural tensile strength 
(modulus of rupture) of 
concrete 

/, = Stress in steel 

/sc — Compressive stress in steel 
corresponding to a strain of 
0002 

fit -= Stress in the reinforcement 
nearest to the tension face of a 
member subjected to combined 
axial load and bending 

/y = Characteristic yield strength of 

steel 

/,u = Design yield strength of steel 

/eff ■= Effective moment of inertia 

Ig, s Moment of inertia of the gross 
section about centroidal axis, 
neglecting reinforcement 

/r ~ Moment of inertia of cracked 

section 

A'b = Flexural stiffness of beam 

Kc -•= Flexural stiffness of column 

k =• Constant or coefflcient or factor 

Li = Development length of bar 

/ = Length of column or span of 

beam 

Ux = Effective length of a column, 
bending about xx-axis 

ley == Effective length of a column, 
bending about ^^'-axis 

M ~ Maximum moment under service 
loads 

Mt = Cracking moment 

Mu = Design moment for limit state 
Design (factored moment) 

^utiim <^ Limiting moment of resistance of 
a singly reinforced rectangular 
beam 

A/ux "= Design moment about xx-axis 

A/uy = Design moment about yy-z.x\& 

Muxi = Maximum uniaxial moment 
capacity of the section with 
axial load, bending about 
xac-axis 



xvn 



Mu 



Me, 



M, 



U)linitT'= 



m 
P 

Ph 



P 

Pc 

Pt 

Pxt 



V 



Maximum uniaxial moment 
capacity of the section with 
axial load, bending about 
XK-axis 

Equivalent bending moment 

Additional moment. Mo — Ma,im 
in doubly reinforced beams 

Limiting moment of resistance 
of a T-beam 

Modular ratio 

Axial load 

Axial load corresponding to the 
condition of maximum 
compressive strain of 0003 5 in 
concrete and 0002 in the 
outermost layer of tension 
steel in a compression member 

Desi^ axial load for limit state 
design (factored load) 

Percentage of reinforcement 

Percentage of compression 
reinforcement, 100 Atcjbd 

Percentage of tension reinforce- 
ment, -1,00 Aulbd 

Additional percentage of tensile 
reinforcement in doubly 
reinforced beams, 100 A,ti/bd 

Spacing of stirrups 

Torsional moment due to 
factored loads 

Shear force 

Strength of shear reinforcement 
(working stress design) 

Shear force due to factored loads 

StrengUi of shear reinforcement 
0imit state design) 

Depth of neutral axis at service 
loads 



ATuimax 



yi 
z 

cc 

Yr 

Ya 

sec 
Ocbc 

Occ 

o. 

Owt 

0tv 

Tv 

Tbd 

Tc 

Tw 

Tctinu 



— Shorter dimension of the stirrup 

= Depth of neutral axis at the 
limit state of collapse 

<» Maximum depth of neutral axis 
in limit state design 

= Distance from centroidal axis 
of gross section, neglecting 
reinforcement, to extreme fibre 
in tension 

= Longer dimension of stirrup 

= Lever arm 

= Angle 

"» Partial safety factor for load 

— Partial safety factor for material 

strength 

= Creep strain in concrete 

n Permissible stress in concrete in 

bending compression 
= Permissible stress in concrete in 

direct compression 

= Stress in steel bar 

as Permissible stress in steel in 
compression 

= Permissible stress in steel in 
tension 

■> Permissible stress in shear 
reinforcement 

s Nominal shear stress 

» Design bond stress 

i- Shear stress in concrete 

— Equivalent shear stress 

■=* Maximum shear stress in concrete 
with shear reinforcement 

=3 Creep coefficient 

wm Diameter of bar 
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CONVERSION FACTORS 



To Convert 


into 




Multiply by 


Conversely 
Multiply 

by 


(I) 


(2) 




(3) 


(4) 


Loads and Forces 










Newton 


kilogram 




0102 


9-807 


Kilonewton 


Tonne 




0-102 


9-807 


Moments and Torques 










Newton metre 


kilogram 


metre 


0102 


9-807 


Kilonewton metre 


Tonne metre 


0-102 


9-807 


Stresses 










Newton per mm" 


kilogram 


per mm" 


0102 


9-807 


Newton per mm" 


kilogram 


per cm* 


10-20 


00981 
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/. MATERIAL STRENGTHS AND 
STRESS-STRAIN RELATIONSHIPS 



;./ GRADES OF CONCRETE 

The following six grades of concrete can 
be used for reinforced concrete work as 
specified in Table 2 of the Code (IS : 456- 
1978*): 

M 15, M 20, M 25. M 30, M 35 and M 40. 

The number in the grade designation refers 
to the characteristic compressive strength, 
Saky of 15 cm cubes at 28 days, expressed in 
N/mm'; the characteristic strength being 
defined as the strength below which not 
more than 5 percent of the test results are 
expected to fall. 



•Code of practice for plain and reinforced concrete 
{third revision). 



1.1.1 Generally. Grades M IS and M 20 are 
used for flexural members. Charts for flexural 
merrAers and tables for slabs are, therefore^ 
given for these two grades only. However, 
tables for design of flexural members are 
given for Grades M 1 5, M 20, M 25 and M 30. 

1.1.2 The charts for compression members 
are applicable to all grades of concrete. 



1.2 TYPES AND GRADES 
REINFORCEMENT BARS 



OF 



The types of steel permitted for use as re- 
mforcement bars in 4.6 of the Code and their 
characteristic strengths (specified minimum 
yield stress or 2 percent proof stress) 
are as follows: 



Type of Steel 

Mild steel (plain bars) 

Mild steel (hot-rolled deform- 
ed bars) 

Medium tensile steel (plain 
bars) 

Medium tensile steel (hot- 
rolled deformed bars) 



High yield strength steel (hot- 
rolled deformed bars) 

High yield strength steel 
(cold-twisted deformed 
bars) 

Hard-drawn steel wire fabric 



Indian Standard 

IS : 432 (Part I)-1966* 1 

IS:1139-1966t ^ 

} 

IS: 432 (Part I)-l 966*1 
IS :1139-1966t 

IS : 1139-19661 
IS : I786-I979t 



J 



IS:1566-1967§ and 
IS : 432 (Part II)- 196611 



Yield Stress or 0'2 Percent 
Proof Stress 

26 kgf/mm^ for bars up to 

20 mm dia 
24 kgf/mm' for bars over 

20 mm dia 

36 kgf/mm* for bars up to 

20 mm dia 
34*5 kgf/mm* for bars over 

20 mm dia up to 40 mm 

dia 
33 kgf/mm-* for bars over 

40 mm dia 

42 '5 kgf/mm* for all sizes 



4 1 5 N/mm* for all bar sizes 
500 N/mm* for all bar sizes 



49 kgf/mm2 



Note— SI units have been used in IS: 1786-1979$; in other Indian Standards, SI units will be adopted 
in their next revisions. 

•Specification for mild steel and medium tensile steel bars and hard-drawn steel wire for concrete 
reinforcement: Part I Mild steel and medium tensile steel bars {second revision). 

fSpecification for hot rolled mild steel, medium tensile steel and high yield strength steel deformed 
bars for concrete reinforcement {revised). 

JSpecificatioii for cold-worked steel high strength deformed bars for concrete reinforcement {second 
revision). 

§Specification for hard-drawn steel wire fabric for concrete reinforcement {first revision ), 

ilSpecification for mild steel and medium tensile steel bars and hard-drawn steel wire for 
concrete reinforcement: Part II Hard drawn steel wire {second revision). 
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Taking the above values into consideration, 
most of the charts and tables have been 
prepared for three grades of steel having 
characteristic strength^ equal to 250 N/mm*, 
415 N/mm2 and 500 N/mm^ 

1.2.1 If the steel being used in a design has 
a strength which is slightly different from the 
above values, the chart or table for the nearest 
value may be used cmd the area of reinforce- 
ment thus obtained be modified in proportion 
to the ratio of the strengths. 

1.2.2 Five values of ^ (includingjjthe value 
for hard-drawn steel wire fabric) have been 
included in the tables for singly reinforced 
sections. 
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Fig. 1 



Design Stress-Strain Curve for 
Concrete 



1.3 STRESS-STRAIN 
FOR CONCRETE 



RELATIONSHIP 



The Code permits the use of any appro- 
priate curve for the relationship between the 
compressive stress and strain distribution 
in concrete, subject to the condition that it 
results in the prediction of strength in subs- 
tantial agreement with test results [i7./(c) 
of the Code]. An acceptable stress-strain 
curve (see Fig. 1) given in Fig. 20 of the Code 
will form the basis for the design aids in this 
publication. The compressive strength of con- 
crete in the structure is assumed to beO'67fQ^. 
With a value of 1'5 for the partial safety 
factor Ym for material strength (35.4.2.1 of 
the Code), the maximum compressive stress 
in concrete for design purpose is 0'446 fck 
(see Fig. 1). 



1.4 STRESS-STRAIN 
FOR STEEL 



RELATIONSHIP 



The modulus of elasticity of steel, E^, is 
taken as 200 000 N/mm* {4.6.2 of the Code). 
This value is applicable to all types of 
reinforcing steels. 

The design yield stress (or 02 percent proof 
stress) of steel is equal to/y/ym. With a value 
of M5 for Ym {35.4.2.1 of the Code), the 
design yield stress /yd becomes 0'87/y. The 
stress-strain relationship for steel in tension 
and compression is assumed to be the same. 

For mild steel, the stress is proportional 
to strain up to yield point and thereafter the 
strain increases at constant stress {see Fig. 2). 
For cold-worked bars, the stress-strain 
relationship given in Fig. 22 of the Code will 
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Fig. 2 Stress-Strain Curve for Mild Steel 

be adopted. According to this, the stress 
is proportional to strain up to a stress of 
0-8 /y. Thereafter, the stress-strain curve is 
defined as given below: 

Stress Inelastic sirain 

0-80/y Nil 

0-85/y 0-000 1 

0-90/y OOO 3 

0-95 /y 0000 7 

0-975 /y 0001 

10/y 00020 

The stress-strain curve for design purposes is 
obtained by substituting /yd for /, in the 
above. For two grades of cold-worked bars 
with 0-2 percent proof stress values of 
415 N/mm* and 500 N/mm* respectively, 
the values of total strains and design stresses 
corresponding to the points defined above 
are given in Table A {see page 6). The stress- 
strain curves for these two grades of cold- 
worked bars have been plotted in Fig. 3. 
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Fig. 3 Stress-Strain Corves for Cold-Worked Steels 
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TABLE A SALIENT POINTS ON THE DESfGN STRESS-STRAIN CURVE FOR 

COLD-WORKED BARS 









( Clai'se 1.4 ) 








Stress Lfael 


/y 


= 415 N/i 


mm' 


/y 


= 500 N/mm« 


1 




f 


.^~ 


.,_, — ^ 




A 






1 




-* 




Strain 




Stress 


Strain 




Stress 


(1) 


(2) 




(3) 

N/mm' 


(4) 




(5) 
N/mm» 


080 /yd 


0-001 44 




288-7 


0-001 74 




347-8 


0-85 /yd 


001 63 




306-7 


0-001 95 




369-6 


0-90/yd 


001 ^2 




324-8 


0002 26 




391-3 


0-95 /yd 


0002 41 




342-8 


0-002 77 




413-0 


0-975 /yd 


0002 76 




351-8 


0003 12 




423-9 


10 /yd 


0003 80 




360-9 


0-004 17 




434-8 


Note — 


- Linear interpolation i 


may be done for intermediate 


values. 
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2. FLEXURAL MEMBERS 



2.1 ASSUMPTIONS 

The basic assumptions in the design of 
flexural members for the limit state of col- 
lapse are given below {see 37.1 of the Code): 

a) Plane sections normal to the axis of 
the member remain plane after bending. 
This means that the strain at any point 
on the cross section is directly propor- 
tional to the distance from the neutral 
axis. 

b) Ihe maximum strain in concrete at 
the outermost compression fibre is 
0-003 5. 

c) The design stress-strain relationship 
for concrete is taken as indicated in 
Fig. 1. 

d) The tensile strength of concrete is 
ignored. 

e) The design stresses in reinforcement 
are deri^^ from the strains using 
the stress-strain relationships given -in 
Fig. 2 and 3. 

f) The strain in the tension reinforcement 
is to be not less than 

^ +0002. 

This assumption is intended to ensure 
ductile failure, that is, the te»sile 
reinforcement has to tmdergo a certain 
degree of inelastic deformation before 
the concrete fails in compression. 



2.2 MAXIMUM DEPTH OF NEUTRAL 
AXIS 

Assumptions (b) and (f) govern the maximum 
depth of neutral axis in flexural members. 
The strain distribution across a member 
corresponding to those limiting conditions 
is shown in Fig, 4. The maximum depth of 
neutral axis Xn, max is obtained directly from 
the strain diagram by considering similar 
triangles. 



Xttii 



0003 5 



d (0005 5 -H 0-87 /,/£;) 

The values of — ""f** for three grades of 
reinforcing steel are given in Table B. 



TABLE B VALUES OF •^'""" FOR 

a 

DIFFERENT GRADES OF STEEL 
(Clause 2.2) 



/y, N/mm* 
d 



250 
0531 



415 
(V479 



500 
0-456 



2.3 RECTANGULAR SECTIONS 

The compressive stress block for concrete 
is represented by the design stress-strain 
curve as in Fig. 1. It is seen from this stress 
block {see Fig. 4) that the oentroid of com- 
pressive force in a rectangular section lies 
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at a distance of 0-416 Xu (which has been 
rounded oif to 0*42 Xu in the code) from the 
extreme compression fibre; and the total force 
of compression is 0*36 fc\ bx^. The lever arm, 
that is, the distance between the centroid 
of compressive force and centroid of tensile 
force is equal to (cf — 0'416 Xu). Hence the 
upper limit for the moment of resistance of a 
singly reinforced rectangular section is given 
by the following equation: 

Afujlim = 0*36 ^ck ftXu.mtx 

X(rf — 0-416 Xo^ibk) 

Substituting for Xa,mw from Table B and 
transposing /ck MS we get the values of 
Vie limiting moment of resistance factors for 
singly reinforced rectangular beams and 
slabs. These values are given in Table C, 
The tensile reinforcement ^rcentage, Pu\xm 
corresponding to the limiting moment of 
resistance is obtained by equating the forces 
of tension and compression. 



;?t,i.m6J(0-87/y) 
100 



0-36/ck iXu.niM 



Substituting for Xu.max from Table B, we get 
the values of ;7t,iim /y//ck as given in Table C. 



TABLE C LIMITING MOMENT OF 

RESISTANCE AND REINFORCEMENT INDEX 

FOR SINGLY REINFORCED RECTANGULAR 

SECTIONS 

^Clause 2.3) 



^, N/mm« 

Pt.lim /y 
/ck 



250 
0149 

21-97 



415 
0138 

19-82 



500 
0-133 

18-87 



The values of the limiting moment of resis- 
tance factor Mu/bd^ for different grades of 
concrete and steel are given in Table D. The 
corresponding percentages of reinforcements 
are given in Table E. These are the maximum 
permissible percentages for singly reinforced 
sections. 



TABLE D LIMITING MOMENT OF 

RESISTANCE FACTOR M^^y^lbd*, N/mm* FOR 

SINGLY REINFORCED RECTANGULAR 

SECTIONS 

iClause 2.3) 



/ck. 

N/mm* 




fy, N/mm* 




r 








250 


415 


500 


15 


2-24 


207 


2-00 


20 


2-98 


2-76 


2-66 


25 


3-73 


3-45 


3-33 


30 


4-47 


4-14 


3-99 



TABLE E MAXIMUM PERCENTAGE OF 

TENSILE REINFORCEMENT p^^^i^ FOR 

SINGLY REINFORCED RECTANGULAR 

SECTIONS 



/ck. 

N/mm« 



15 
20 
25 
30 



{CUme 2.3) 

/y, N/mm* 




250 

1-32 
1-76 
2-20 
2-64 


415 

0-72 
0-96 
119 

r-43 


500 

0-57 
0-76 
094 
113 



2.3.1 Under-Reinforced Sections 

Under-reinforced section means a singly 
reiilforced section with reinforcement per- 
centage not excesding the appropriate value 
given in Table E. For such sections, the 
depth of neutral axis Xu will be smaller than 
Xu,m«. The strain in steel at the limit state 
of collapse will, therefore, be more than 

r 

- + 002 and, the design stress in 



0-87/, 

En 



steel will be 0-87/y. The depth of neutral 
axis is obtained by equating the forces of 
tension and compression. 
ptbd 



100 

Xu 

d ' 



(0-87/y) -= 0-36/ck b Xu 



(p±] £ 
viooy 0- 



O-87/y 

36/ck 



The moment of resistance of the section is 
equal to the prdduct of the tensile force 
and the lever arm. 

A/- « ^ (0-87/y) (d - 0-416 Xu) 

Substituting for ^ we get 
J./.- 0-87/, (^) 
X [l - 1( 



•""'idse)]*^ 



2.3.1.1 Charts 1 to 18 have been prepared 
by assigning different values to Majb and 
plotting d versus px. The moment values in 
the charts are in units of kN.m per metr^ 
width. Charts are given for three grades of 
steel and two grades of concrete, namely 
M IS and M 20, which are most commonly 
used for fiexural members. Tables 1 to 4 
cover a wider range, that is, five values of 
fy and four grades of concrete up to M 30. 
In these tables, the values of percentage of 
reinforcement pt have been tabulated against 
Mulbd\ 



10 
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2.3.1.2 The moment of lesistance of slabs, 
with bars of different diameters and spaciags 
are given in Tables 5 to 44. Tables are given 
for concrete grades M IS and M 20, with 
two grades of steel. Ten different thicknesses 
ranging from 10 cm to 25 cm, are included. 
These tables take into account 25.5.2.2 
of the Code, that is, the maximum bar 
diameter does not exceed one-eighth the thick- 
ness of the slab. Clear cover for reinforce- 
ment has been taken as IS mm or the bar 
diameter, whichever is greater [see 25.4.1(d) 
of the Code]. In these tables, the zeros at 
the top right hand comer indicate the region 
where the reinforcement percentage would 
exceed pt.iim; and the zeros at the lower 
left hand comer indicate the region where 
the reinforcement is less than the minimum 
according to 25.5.2.1 of the Code. 

Example 1 Singly Reinforced Beam 

Determine the main tension reinrorcement 
required for a rectangular beam section 
with the foDowing data: 
Size of beam 30 x 60 cm 

Concrete mix MIS 

Characteristic strength 41 S N/mm* 

of reinforcement 
• Factored moment 1 70 kN.m 

•Assuming 2S mm dia bars with 25 mm 
clear cover, 

2*5 
Effective depth — 60 — 2*5 — j-— 56*25 cm 

From Table D, for /y — 415 N/nmi* and 
/«k - 15 N/mm« 

Afu,lunjbd* -» 2 07 N/mm* 

« 2-07 X 10' kN/m« 

.'. Ma,m - 2-07 X lO'W 

' 56-25 \« 



2-07 X 10» X 



30 / 56-25 y 

foo ^ V 100 y 



- 196-5 kN.m 
Actual moment of 170 kN.m is less than 
Afo,i,m. The section is therefore to_be designed 
as a singly reinforced (under-reinforced) 
rectangular section. 

KfBTHOD OF Referring to Flexure Chart 

For referring to Chart, we need the value of 
moment per metre width. 

170 



Reftrring to Chart 5, corresponding to 
M^b - 567 kN.m and rf = 5625 cm, 

100.^8 



M^b 



0-3 



*The term 'factored moment* means the momeot 
due to characteristic loads multiplied by the appro- 
priate value of partial safety factor yf. 



Percentage of steel p% 
6bd 



A,^ 



bd 
0-6x30x56-25 



100 100 

Method of Referring to Tables 



0-6 
= 10-1 cm« 



of 



For referring to Tables, we need the value 

bd^ 

Ma i70j<iq^ 

bd* " "30 x 56-25 x 56-25 x 10» 
- 1-79 N/mm« 

From Table 1, 

Percentage of reinforcement, /?t ■■ 0-594 

. . 0-594 X 30x56-25 ,. __ . 
.-. As jQQ 10-02 cm« 



Example 2 Slab 

Determine the main reinforcement re- 
quired for a slab with the following data: 

Factored moment 960 kN.m 

per metre 
width 



Depth of slab 
Concrete mix 
Characteristic strength 
of reinforcement 



10 cm 

M15 
a)4I5N/mm» 
b) 250 N/mm* 



Method of Referring to Tables for Slabs 

Referring to Table ISiiotfy - 415 N/mm«), 
directly we get the following reinforcement 
for a moment of resistance of 9-6 kN.m 
per metre width: 

8 mm dia at 13 cm spacing 
or 10 mm dia at 20 cm spacing 

Reinforcement' given in the tables is based 
on a cover of 15 mm or bar diflmeter which- 
ever is greater. 

Method of Referring to Flexure Chart 



</-10- 1-5 



8 cm 



Assume 10 mm dia bars with 15 mm cover, 
10 
2 
a) For/y - 415 N/mm» 

From Table D, M^,^bd* = 2-07 N/mm« 



: 567 kN.m per metre width. /. Af, 



100 
».lim - 2-07 X 10» X j^ X 



(loo) 



= 13-25 kN.m 

Actual bending moment of 9-60 kN.m is less 
than the limiting bending moment 
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Referring to Chart 4, reinforcement per- 
centage, pi ■» 475 

Referring to Chart 90, provide 
8 mm dia at 13 cm spacing 
or 10 mm dia at 20 cm spacing. 

Alternately, 



0-475 X 100 X -j^ - 3-8 cm* per 



As 

metre width. 

From Table 96, we get the same reinforce 

ment as before. 



b) For/y « 250 N/mm» 
From Table D, Mu.iim/M* 



2-24 N/mm» 

(ioo) 



A/u,iin. = 2-24 X 10» X 1 XI 

= 14-336 kN.m 

Actual bending moment of 9-6 kN.m is less 
than the limiting bending moment. 
Referring to Chart 1, reinforcement per- 
centoge, pt = 0-78 

Referring to Chart 90, provide 10 mm dia 
at 13 cm spacing. 

2.3.2 Doubly Reinforced Sections — Doubly 
reinforced sections are generally adopted 
when the dimensions of the beam have been 
predetermined from other considerations 
and the design moment exceeds the moment 
of resistance of a singly reinforced section. 
The additional moment of resistance needed 
is obtained by providing compression re- 
inforcement and additional tensile reinforce- 
ment. The moment of resistance of a doubly 
reinforced section is thus the sum of the 
limiting moment of resistance A/u,iim of a 
singly reinforced section and the additional 
moment of resistance Muz. Given the values 
of Mv which is greater than Afuiiim, the value 
of Muz can be calculated. 



The lever arm for the additional moment of 
resistance is equal to the distance between 
centroids of tension reinforcement and com- 
pression reinforcement, that is (d-d') where 
d' is the distance from the extreme compres- 
sion fibre to the centroid of compression 
reinforcement. Therefore, considering the 
moment of resistance due to the additional 
tensile reinforcement and the compression 
reinforcement we get the following: 



^t,(0-87/y)(J-rf') 
A^W»c-fcc)id~d') 



also, Afu] 

where 

Atti is the area of additional tensile rein- 
forcement, 

Ak is the area of compression reinforce- 
ment, 

fic is the stress in compression reinforce- 
ment, and 

^c is the compressive stress in concrete at 
the level of the centroid of compres- 
sion reinforcement. 

Since the additional tensile force is balanced 
by the additional compressive force, 

^sc (/sc - /cc) = Ash (0-87 /y) 
Any two of the above three equations may 
be used for finding Ait2 and Ate The total 
tensile reinforcement An is given by, 

J bd ^ . 

■Ait = Pullm T^ -T -^st2 

It will be noticed that we need the values of 
fic and fee before we can calculate Ak. 
The approach given here is meant for design 
of sections and not for analysing a given 
section. The depth of neutral axis is, therefore, 
taken as equal to Xu.max. As shown in Fig. 5, 
strain at the level of the compression reinforce- 
ment will be equal to 003 5(1 ) 



00035 




00035 (1-- ) 



0> 87 f 



2.^0*002 



STRAIN DIAGRAM 
Fig. 5 E>oubly Reinforced Section 
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For values of d'jd up to 02, /« is &qual to 
446 y^k; and for mild steel reinforcement 
fx would be equal to the design yield stress 
of 087 fy. When the reinforcement is cold- 
worked bars, the design stress in compression 
Reinforcement /« for different values of 
d'/d up to 2 will be as given in Table F. 



TABLE F STRESS IN COMPRESSION 
REINFORCEMENT /sc, N/mm» IN DOUBLY 
REINFORCED BEAMS WITH COLD- 
WORKED BARS 





(Clause 2.3 2) 






/y. 






d'ld 






N/mm« 






A, 






005 


010 




015 


0-20 


415 


355 


353 




342 


329 


500 


424 


412 




395 


370 



2.3. 2 J A»tz has been plotted against (d-d') 
for different values of Afu2 in Charts 19 and 
20. These charts have been prepared for 
fi^ 211-5 N/mm* and it is directly appli- 
cable, for mild steel reinforcement with yield 
stress of 250 N/mm*. Values of ^4,12 for other 
grades of steel and also the values of Asa can 
be obtained by multiplying the value read 
from the chart by the factors given in Table G. 
The multiplying factors for A^a given in 
this Table, are based on a value of /« corres- 
ponding to concrete grade M20, but it can 
be used for all grades of concrete with little 
error. 



TABLE G MULTIPLYING FACTORS FOR 
USE WITH CHARTS 19 AND 20 

'Clause 2.3.2.1) 

fy. Factor Factor for A^ for d'fd 

N/mm« for , *. 



^»t» 005 010 0-15 0-20 

250 100 104 104 104 104 

415 0-60 0-63 0-63 065 0-68 

500 0-50 0-52 0-54 056 060 

2.3.2.2 The expression for the moment of 
resistance of a doubly reinforced section may 
also be written in the following manner: 



Mu.iim + ^^(0-87/y) (c/- 



ATu, 



lim 



bd^ 



+ 



100 
P 



bd^ 
where 

Px2 is the additional percentage of tensile 
reinforcement. 



^(0-87A)(i 






Pt 

Pc 



_ ro'87/y 



The values of pt and pe for four values of 
d'/d up to 0*2 have been tabulated against 
Mu/M* in Tables 45 to 56. Tables are given 
for three grades of steel and four grades 
of concrete. 



Example 3 Doubly Reinforced Beam 

Determine the main reinforcements re- 
quired for a rectangular beam section with 
the following data: 

Size of beam 30 x 60 cm 

Concrete mix M 1 5 

Characteristic strength of 415 N/mm^ 

reinforcement 

Factored moment 320 kN.m 

Assuming 25 mm dia bars with 25 mm 
clear cover, 

J = 60 - 2-5 - -^- = 5625 cm 

From Table D, for /y « 415 N/mm^ and 
/ck =» 15 N/mm» 

Mu,iim/M2=2-07 N/mm^ = 2-07 x 10^ kN/m^ 

.-. M.,iim=207 X 10' bd^ 

im ma 30 56-25 56-25 

-207xl03XjooX-Too-X-100- 

=» 196-5 kN.m 
Actual moment of 320 kN.m is greater 
than MuMm 

.*. The section is to be designed as a doubly 
reinforced section. 



Reinforcement from Tables 
Mu 320 



bd^ 0-3 X (0-562 5)2 X 103 
r2-5 + 1-25 



=3-37 N/mm^ 



'-/-e4^)-07 



Next higher value of d'/d = 0'l will be used 
for referring to Tables. 

Referring to Tahk 49 corresponding to 

Mutbd^-^ 3-31 and ^=0-1, 

/>t = l-U7,/7c = 0-418 
,-. A,t = 18-85 cm^ ^sc = 7-05 cm^ 

Reinforcement from Charts 

(d~d') « (56-25 - 3-75) « 52-5 cm 
Afu2 -= (320 - 196-5) = 123-5 kN.m 

Chart is given only for /y = 250 N/mm^; 
therefore use Chart 20 and modification 
factors according to Table G. 

Referring to Chart 20, 

^st2 (for/y = 250 N/mm2) = 10-7 cm" 
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Using modification factors ^ven in Table G 
for /, - 415 N/inm«, 

4^ — 10 7 X 0-60 '^ 6-42 cm* 
Ae . 10-7 X 0*63 «- 674 cm* 
Referring to Table E, 
Puvm —0*72 



^rt,«m - 0-72 X 



100 
12*15 + 6-42 - 



= 12-15 cm« 



18-57 cm« 



These values of A»t and Ak aie comparable 
to the values obtained from the table. 



2.4 T-SECriONS 

The moment of resistance of a T-beam can 
be considered as the sum of the moment of 
resistance of the concrete in the web of width 
6w and the contributidn due to ,fl^Scs of 
width bt. 

The maximum moment of resistance is ob- 
tained when the depth of neutral axis is x»,a<»> 
When the thicloiess of flange is small, 
that is, less than about 0-2 d, the stress in the 
flange will be uniform or nearly uniform 
(see Fig. 6) and the centroid of the compres- 
sive fore* in the flan*^ can be taken at X)f '2 
from the extreme compression fibre. There- 
fore, the following expression is obtained for 
the limiting moment of resistance ofT-beams 
with small values of Dtjd. 

Afu.lirojT ■" MutMrnimb + "446/01 

X (bt-b^) Dt(d-^^ 

where ^n.jim.iwb 

=0-36 /ck ftwXu.tBM (rf- 0-416 aco,aiK)- 
The equation given in E-2.2 of the Code is the 
same as above, with the numericals rounded 
off to two decimals. When the flange thick- 
ness is greater than about 0'2 J, the above 
expression is not correct because the stress 



distribution in the flanpe would not be uni- 
form. The expression given in E-2J.1 of the 
Code is an approximation which makes allo- 
wance for the variation of stress in the nanj^. 
This expression is obtained by substitutiQg 
yt for Dt in Che equation of E-2J of the Code; 
yt being equal to (0*15 Xa,w + 0*65 Di) 
but not greater than Dt. With this modifica- 
tion, 

A/uiUra,T " A/ii,llm)Web + 0*446 fdt 

Dividing both sides by^ck ^w d*^ 



x(^-'H('-&) 



where 



I* 
d~ 



Q.j5_xu^ 4.065 ^ 



o-'f^^ 



Using the above expression, the values 
of the moment of resistance factor 
Mu,\im,Tlfc)L b^^ for different values of bxfbw 

r%9%A. r^jtl^t Vin-vfA Waa«« vii#Ni*l^^hy4 /Hi-*^ Ann e*t^imr% iTt 
aju^* Ji^it^* XXC4TW crwvu rrvA&vu. \/««ir c^jt^w qiw^ka mmm 

Tables 57 to 59 for three grades of steel. 

2.5 CONTROL OF DEFLECTION 

2,5.1 The deflection of beams and slabs 
would generally be within permissible limits 
if the ratio of span to effective depth of the 
jnember docs not exceed the values obtained 
in accordance with 22.2.1 of the Code. The 
following basic values of span to effective 
depth are given: 



Simply supported 

Continuous 

Cantilever 



20 

26 

7 



b 



O'USUu 




STRAIN DIAGRAM 
Fio. 6 T-Section 



14 



DESIGN Aros FOR REINFORCED C»NCRETE 



Further modifying factors are given in 
order to account for the effects of grade and 
percentage of tension reinforcement and 
percentage of compression reinforcement. 

2.5.2 In normal designs where the reinforce- 
ment provided is equal to that required from 
strength considerations, the basic values of 
span to effective depth can be multiplied by 
the appropriate values of the modifying 
factors and given in a form suitable for direct 
reference. Such charts have been prepared 
as explained below: 

a) The basic span to effective depth ratio 
for simply supported members is multi- 
plied by the modifying factor for ten- 
sion reinforcement (Fig. 3 of the Code) 
and plotted as the base curve in the 
chart. A separate chart is drawn for 
each grade of steel. In the chart, span 
to effective depth ratio is plotted on 
the vertical axis and the tensile 
reinforcement percentage isj^otted on 
the horizontal axis. 

b) When the tensile reinforcement ex- 
ceeds pttUm the section will be doubly 
reinforced. The percentage of compres- 
sion reinforcement is proportional to 
the additional tensile reinforcement 
(jh — Puiitn) as explained in 2.3.2. 
However, the value of puum and pc 
will depend on the grade of concrete 
also. Therefore, the values of span to 
effective depth ratio according to base 
curve is modified as follows for each 
grade of concrete: 

1) For values of pt greater than 
the appropriate value of pt.iim, 
the value of (pt — puiind is cal- 
culated and then the percentage of 
compression reinforcement pc re- 
quired is calculated. Thus, the 
value ofpc corresponding to a value 
of pt is obtained. (For this purpose 
d'/dhas been assumed as O-IO but 
the chart, thus obtained can gene- 
rally be used for all values of d'jd 
in the normal range, without signi- 
ficant error in the value of maximum 
span to effective depth ratio.) 

2) The value of span to effective depth 
ratio of the base curve is multiplied 
by the modifying factor for com- 
pression reinforcement from Fig. 4 
of the Code. 

3) The value obtained above is plotted 
on the same Chart in which the base 
curve was drawn earlier. Hence 
the span to effective depth ratio for 
doubly reinforced section is plotted 
against the tensile reinforcement 
percentage pt without specifically 
indicating the value of pe on the 
Chart. 



2J.3 The values read from these Charts 
are directly applicable for simply supported 
members of rectangular cross section for 
spam up to 10 m. For simply supported or 
continuous spans larger than 10 m, the values 
should be further multiplied by the factor 
(10/span in metres). For continuous spans 
or cantilevers, the values read from the charts 
are to be modified in proportion to the basic 
values of span to effective depth ratio. The 
multiplying factors for this purpose are as 
follows: 



Continuous spans 
CantDevers 



1-3 
0-35 



In the case of cantilevers which are lon^r 
than 10 m the Code recommends that the 
deflections should be calculated in order to 
ensure that they do not exceed permissible 
limits. 

2.5.4 For flanged beams, the Code recom- 
mends that the values of span to effective 
depth ratios may be determined as for rectan- 
gular sections, subject to the following modi- 
fications: 

a) The reinforcement percentage should 
be based on the area btd while referring 
the charts. 

b) The value of span to effective depth 
ratio obtained as explained earlier 
should be reduced by multiplying by the 
following factors: 

btlbw Factor 

10 10 

>3-33 0-8 

For intermediate values, linear interpola- 
tion may be done. 

Note — The above method for flanged beams 
may sometimes give anomalous results. If the flanges 
are ignored and the beam is considered as a rectangular 
section, the value of span to effective depth ratio thus 
obtained (percentage of reinforcement being based 
on the area b^) should always be on the safe side. 

2.5.5 In the case of two way slabs supported 
on all four sides, the snorter span should be 
considered for the purpose of calculating the 
3oan to effective depth ratio (see Note 1 below 
23.1 of the Code). 

2.5.6 In the case of flat slabs the longer span 
should be considered (30.2.1 of the Code). 
When drop panels conforming to 30.2.2 of 
the Code are not provided, the values of span 
to effective depth ratio obtained from the 
Charts should be multiplied by 0*9. 

Example 4 Control of Deflection 

Check whether the depth of the member 
in the following cases is adequate for control- 
ling deflection: 

a) Beam of Example 1, as a simply suppor- 
ted beam over a span of 7-5 m 
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b) Beam of Example 3, as a cantilever beam 
over a span of 4-0 m 

c) Slab of Example 2, as a continuous 
slab spanning in two directions the 
shorter and longer spans being, 25 m 
and 3-5 m respectively. The moment 
given in Example 2 corresponds to 
shorter span. 



a) Actual ratio of 

7-5 



Span 
Eflective depth 

= 13-33 



(56-25/100) 

Percentage of tension reinforcement 
required, 
A = 0-6 

Referring to Chart 22, value of Max [ -^-j- J 

corresponding \.o p\_ — 06, is 222. 

Actual ratio of span to effective depth is less 
than the allowable \alue. Hence the depth 
provided is adequate for controlling deflec- 
tion. 

Span 



b) Actual ratio of 



40 



Eflective depth 
] =711 



V56-25/100, 

Percentage of tensile reinforcement, 

A = 1-117 

Referring to Chart 22, 

Max value of /_^1I1^ = 21-0 



(-T) 



For cantilevers, values read from the 
Chart are to be multiplied by 0-35. 

.-. Max value of 1 
\\dlox )► =21 Ox 0-35=7-35 

cantilever J 



.'. The section is satisfactory for control 
of deflection. 

Span 



Effective depth 



c) Actual ratio of 

2-5 
= — — = 31-25 
008 

(for slabs spanning in two directions, 
the shorter of the two is to be con- 
sidered) 

(i) For/y =415N/mm2 
pt = 0475 
Referring to Chart 22, 

Max (?^) =23-6 

For coiitinuous slabs the factor 
obtained from the Chart should be 
multiplied by 1-3. 

,*. Max J for continuous slab 
a 

= 23-6 X 1-3 = 30-68 

Actual ratio of span to effective depth is 
slightly greater than the allowable. Therefore 
the section may be slightly modified or actual 
deflection calculations may be made to as- 
certain whether it is within permissible limits. 

(ii) For/y == 250 N/mm^ 
p, = 0-78 

Referring to Chart 21, 
Max (?^)= 31-3 



For continuous slab. 



Max 



^P^ = 31-3 



X 1-3 = 40-69 



Actual ratio of span to effective depth is 
less than the allowable value. Hence the 
section provided is adequate for controlling 
deflection. 
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TABLE 1 FLEXURE — REINFORCEMENT PERCENTAGE, /»t FOR SINGLY 

REINFORCED SECTIONS 



/ck - 15 Ninm» 



Mjbd^, 




/,. W/irnn" 






MJbd?, 
N/mm 






/y. N/nmi2 






N/mmi 


1 f 
240 


250 


415 


480 


500 


f— ~~ ■ 
240 


250 


415 


480 


500 


0-30 


0147 


0141 


0085 


0074 


0-071 


1-50 


0-829 


0-796 


0-480 


0-415 


0-398 


0-35 


0172 


0166 


0100 


0086 


0083 


1-52 


0-842 


0-809 


0-487 


0-421 


0-404 


0-40 


0198 


0-190 


0*114 


0*099 


0095 


1-54 


0-856 


0-821 


0-495 


0-428 


0-411 


0-45 


0-224 


0-215 


0-129 


0*112 


0107 


1-56 


0-869 


0-834 


0-503 


0-434 


0-417 


0-50 


0-250 


0-240 


0-144 


0-125 


0-120 


1-58 


0-882 


0-847 


0-510 


0-441 


0-423 


0-55 


0-276 


0-265 


0.159 


0-138 


0-132 


1-60 


0*896 


0-860 


0-518 


0-448 


0-430 


0-60 


0-302 


0-290 


0.175 


0*151 


0145 


1-62 


0-909 


0-873 


0-526 


0-455 


0-436 


0-65 


0-329 


0-316 


0.190 


0*164 


0158 


1-64 


0-923 


0-886 


0-534 


0*461 


0-443 


0-70 


0-356 


0-342 


0.206 


0-178 


0-171 


1-66 


0-936 


0-899 


0-542 


0-468 


0-449 


0-75 


0-383 


0-368 


0.221 


0*191 


0184 


1-68 


0-950 


0-912 


0-550 


0-475 


0-456 


0-80 


0-410 


0-394 


0-237 


0-205 


0197 


1-70 


0-964 


0-925 


0-558 


0-482 


0-463 


0-82 


0-421 


0-405 


0-244 


0-211 


0-202 


1-72 


0-978 


0-939 


0-566 


0-489 


0-469 


0-84 


0-433 


0-415 


0-250 


0-216 


0-208 


1-74 


0-992 


0-952 


0-574 


0-496 


0-476 


0-86 


0-444 


0-426 


0-257 


0-222 


0*213 


1-76 


1006 


0*966 


0-582 


0-503 


0-483 


0-88 


0-455 


0-437 


0'263 


0-227 


0-218 


1-78 


1020 


0-980 


0-590 


0-510 


0-490 


0-90 


0-466 


0-448 


0-270 


0-233 


0-224 


1-80 


1035 


0-993 


0-598 


0-517 


0-497 


0-92 


0-477 


0-458 


0-276 


0-239 


0-229 


1-82 


1-049 


1-007 


0-607 


0-525 


0-504 


0-94 


0-489 


0-469 


0-283 


0-244 


0-235 


1-84 


1064 


1021 


0-615 


0-532 


0-5U 


0% 


0-500 


0-480 


0-289 


0-250 


0-240 


1-86 


1-078 


1-035 


0-624 


0-539 


0*518 


0-98 


0-512 


0-491 


0-296 


0-256 


0-246 


1-88 


1093 


1-049 


0-632 


0*546 


0-525 


100 


0-523 


0-502 


0-303 


0-262 


0-251 


1-90 


1108 


1-063 


0*641 


0-554 


0-532 


102 


0-535 


0-513 


0-309 


0-267 


0*257 


1-92 


1-123 


1-078 


0-649 


0-561 


0-539 


104 


0-546 


0-524 


0-316 


0-273 


0-262 


1-94 


1-138 


1-092 


0-658 


0-569 


0*546 


106 


0-558 


0-536 


0-323 


0-279 


0-268 


1-96 


1153 


1107 


0-667 


0-576 


0*553 


108 


0-570 


0-547 


0-329 


0-285 


0-273 


1-98 


1168 


1-121 


0-676 


0-584 


0*561 


110 


0*581 


0-558 


0-336 


0-291 


0-279 


200 


1-184 


1136 


0-685 


0-592 




112 


0-593 


0-570 


0-343 


0-297 


0-285 


2-02 


1-199 


1151 


0-693 






114 


0-605 


0-581 


0-350 


0-303 


0-290 


2-04 


1-215 


1-166 


0-703 






116 


0-617 


0-592 


0-357 


0-309 


0-296 


2-06 


1*231 


1*181 


0-712 






118 


0-629 


0-604 


0-364 


0-315 


0-302 


208 


1-247 


1197 








1-20 


0-641 


0-615 


0-371 


0-321 


0-308 


2-10 


1-263 


1-212 








1-22 


0-653 


0*627 


0-378 


0-327 


0-314 


2-12 


1-279 


1-228 








1-24 


0-665 


0-639 


0-385 


0-333 


0*319 


214 


1*295 


1-243 








1-26 


0-678 


0*650 


0-392 


0-339 


0-325 


216 


1-312 


1-259 








1-28 


0-690 


0-662 


0-399 


0-345 


0-331 


2-18 


1-328 


1-275 








1-30 


0-702 


0*674 


0-406 


0-351 


0-337 


2-20 


1-345 


1-291 








1-32 


0-715 


0*686 


0-413 


0-357 


0-343 


2-22 


1-362 


1-308 








1-34 


0-727 


0-698 


0-420 


0-364 


0-349 


2-24 


1-379 










1-36 


0-740 


0-710 


0-428 


0-370 


0*355 














1-38 


0-752 


0-722 


0-435 


0-376 


0-361 














1-40 


0-765 


0-734 


0-442 


0-382 


0*367 














1-42 


0-778 


0-747 


0*450 


0-389 


0-373 














1-44 


0-790 


0-759 


0*457 


0-395 


0*379 














1-46 


0803 


0-771 


0*465 


0*402 


0-386 














1-48 


0-816 


0-784 


0*472 


0-408 


0-392 















240 

250 

415 

480 

500 

fa 

25 



Note — Blanks indicate inadmissible reinforcement percentage (see Table E), 
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TABLE 2 FLEXURE —REINFORCEMENT PERCENTAGE, pt FOR SINGLY 

REINFORCED SECTIONS 



/ck-20N/mm* 



Mulbd^, 




/y, iN/ram 






MjbcP, 




/y, l^/B 


am 






N/mm* 


240 


250 


415 


480 


500 


N/mm« 


240 


250 


415 


480 


500 


0-30 


0-146 


0140 


0-085 


0073 


0-070 


2*22 


1-253 


1-203 


0-725 


0-627 


0-602 


0-35 


0171 


0164 


0099 


0-086 


0-082 


2-24 


1-267 


1-216 


0-733 


0-633 


0-608 


0-40 


0196 


0188 


0114 


0-098 


0094 


2-26 


1-281 


1-230 


0-741 


0-640 


0*615 


0-45 


0-222 


0-213 


0128 


0-111 


0-106 


2-28 


1-295 


1-243 


0-749 


0-647 


0-621 


0-50 


0-247 


0-237 


0-143 


0-123 


0119 


2-30 


1-309 


1-256 


0-757 


0-654 


0-628 


0-55 


0-272 


0-262 


0-158 


0136 


0-131 


2-32 


1-323 


1-270 


0-765 


0-661 


0-635 


0-60 


0-298 


0-286 


0172 


0149 


0143 


2*34 


1-337 


1-283 


0-773 


0*668 


0-642 


0-65 


0-324 


0-311 


0-187 


0-162 


0-156 


2-36 


1-351 


1-297 


0*781 


0*675 


0-648 


0-70 


0-350 


0-336 


0-203 


0-175 


0168 


, 2-38 


1-365 


1-311 


0-790 


0*683 


0-655 


0-75 


0-376 


0-361 


0-218 


0188 


0-181 


2-40 


1-380 


1-324 


0-798 


0*690 


0-662 


0-80 


0-403 


0-387 


0-233 


0-201 


0193 


2*42 


1-394 


1-338 


0-806 


0-697 


0669 


0-85 


0-430 


0-412 


0-248 


0-215 


0-206 


2-44 


1-408 


1-352 


0-814 


0-704 


0-676 


0-90 


0-456 


0-438 


0-264 


0-228 


0-219 


2-46 


1-423 


1-366 


0-823 


0-711 


0*683 


0-95 


0*483 


0-464 


0-280 


0-242 


0-232 


2*48 


1-438 


1-380 


0-831 


0-719 


0-690 


1-00 


0-511 


0-490 


0-295 


0-255 


0-245 


2-50 


1-452 


1-394 


0-840 


0-726 


0-697 


105 


0-538 


0-517 


0-311 


0-269 


0-258 


2 52 


1-467 


1-408 


0-848 


0-734 


0*704 


1-10 


0-566 


0-543 


0-327 


0-283 


0-272 


2-54 


1-482 


1-423 


0-857 


0-741 


0-711 


115 


0-594 


0-570 


0-343 


0-297 


0-285 


2-56 


1-497 


1-437 


0-866 


0-748 


0-719 


1-20 


0-6?,?, 


0-597 


0-359 


0-311 


0*298 


2*58 


1-512 


1*451 


0-874 


0-756 


0-726 


1-25 


0-650 


0-624 


0-376 


0-325 


0-312 


2*60 


1-527 


1-466 


0-883 


0-764 


0-733 


1-30 


0-678 


0-651 


0-392 


0-339 


0-326 


2-62 


1*542 


1-481 


0-892 


0-771 


0-740 


1-35 


0-707 


0-679 


0-409 


0-354 


0-339 


2*64 


1-558 


1-495 


0-901 


0-779 


0-748 


1-40 


0-736 


0-707 


0-426 


0-368 


0-353 


2-66 


1-573 


1-510 


0-910 


0-786 


0-755 


1-45 


0-765 


0-735 


0-443 


0-383 


0-367 


2-68 


1-588 


1-525 


0-919 


0-794 




1-50 


0-795 


0-763 


0-460 


0-397 


0-382 


2-70 


1-604 


1-540 


0-928 






1-55 


0-825 


0-792 


0-477 


0-412 


0-396 


2-72 


1-620 


1-555 


0*937 






1-60 


0-855 


0-821 


0-494 


0-427 


0-410 


2-74 


1-636 


1-570 


0946 






1-65 


0-885 


0-850 


0-512 


0-443 


0-425 


2-76 


1-651 


1-585 


0-955 






1-70 


0-916 


0-879 


0-530 


0-458 


0-440 


2-78 


1-667 


1-601 








1-75 


0-947 


0-909 


0-547 


0-473 


0-454 


2-80 


1-683 


1-616 








1-80 


0-978 


0-939 


0-565 


0-489 


0-469 


2-82 


1-700 


1-632 








1-85 


1009 


0-969 


0-584 


0-505 


0-484 


2-84 


1-716 


1-647 








1-90 


1041 


1000 


0-602 


0-521 


0*500 


2-86 


1-732 


1-663 








1-95 


1073 


1-030 


0-621 


0-537 


0-515 


2-88 


1-749 


,1-679 








200 


1-106 


1-062 


0-640 


0-553 


0-531 


2-90 


1-766 


1-695 








202 


1-119 


1-074 


0-647 


0-559 


0-537 


2-92 


1-782 


1-711 








2-04 


1-132 


1087 


0-655 


0-566 


0-543 


2-94 


1-799 


1-727 








2-06 


1-145 


1099 


0-662 


0-573 


0-550 


2-96 


1-816 


1-743 








208 


M59 


1112 


0-670 


0-579 


0-556 


2-98 


1-833 


1-760 








2-10 


M72 


1125 


0-678 


0-586 


0-562 














212 


1185 


1-138 


0-685 


0-593 


0-569 














2-14 


M99 


1151 


0-693 


0-599 


0-575 














2-16 


1-212 


1164 


0-701 


0*606 


0-582 














218 


1-226 


1177 


0-709 


0-613 


0-588 














2-20 


1-239 


1-190 


0-717 


0-620 


0*595 















Note — Blanks indk^tte inadmissible leinfoicement percentage {see Table E). 
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TABLE 3 FLEXURE - 


- REINFORCEMENT PERCENTAGE, /»» 
REINFORCED SECTIONS 


FOR SINGLY 

/ck = 25 N/mm2 


480 
500 




^ck 


MJbd 


2 

1 

I r" 

240 

0146 
0171 
0195 
0-220 
0-245 


250 

0140 
0164 
01 88 
0-211 
0-236 


/y. N/mm« 






N/mm* 

2-55 
2-60 
2-65 
2-70 
2-75 




/y. 


N/min2 






25 


N/nun 


415 

0084 
0-099 
0-113 
0127 
0-142 


480 

0-073 
0085 
0-098 
0-110 
0-123 


500 

0-070 
0082 
0094 
0-106 
0-118 


240 

1-415 
1-448 
1-482 
1-515 
1-549 


250 

1-358 
1-390 
1-422 
1-455 
1-487 


415 

0-818 
0-837 
0-857 
0-876 
0-896 


480 

0-708 
0-724 
0-741 
0-758 
0-775 


500 

0-679 
0-695 
0-711 
0-727 
0-744 




0-30 
0-35 
0-40 
0-45 
0-50 




0*55 
0-60 
0-65 
0-70 
0*75 


0-271 
0-296 

0:321 

0-347 
0-373 


0-260 
0-284 
0-309 
0-333 
0-358 


0-156 
0171 
0186 
0-201 
0-216 


0135 
0-148 
0161 
0174 
0-186 


0-130 
0-142 
0154 
0167 
0-179 


2-80 
2-85 
2-90 
2-95 
3-00 


1-584 
1-618 
1-653 
1-689 
1-724 


1-520 
1-554 
1-587 
1-621 
1-655 


0-916 
0-936 
0-956 
0-977 
0-997 


0-792 
0-809 
0-827 
0-844 
0-862 


0-760 
0-777 
0-794 
0-811 
0-828 




0-80 
0-85 
090 
0-95 
100 


0-399 
0-425 
0-451 
0-477 
0-504 


0-383 
0-408 
0-433 
0-458 
0-483 


0-231 
0-246 
0-261 
0-276 
0-291 


0199 
0-212 
0-225 
0-239 
0-252 


0191 
0-204 
0-216 
0-229 
0-242 


305 
3-10 
3-15 
3-20 
3-25 


1-760 
1-797 
1-834 
1-871 
1-909 


1-690 
1-725 
1-760 
1-796 
1-832 


1018 
1039 
1-061 
1082 
1-104 


0-880 
0-898 
0-917 
0-936 
0-954 


0-845 
0-863 
0-880 
0-898 
0-916 




105 
110 
115 
1-20 
1-25 


0-530 
0-557 
0-584 
0-611 
0-638 


0-509 
0-535 
0-561 
0-587 
0-613 


0-307 
0-322 
0-338 
0-353 
0-369 


0-265 
0-279 
0-292 
0-306 
0-319 


0-255 
0-267 
0-280 
0-293 
0-306 


3-30 
3-32 
3-34 
3-36 
3-38 


1-947 
1-962 
1-978 
1-993 
2009 


1-869 
1-884 
1-899 
1-914 
1-929 


1-126 
1-135 
1-144 
1-153 
1-162 


0-973 
0-981 
0-989 


0-935 
0-942 




1-30 
1-35 
1-40 
1-45 
1-50 


0-666 
0-693 
0-721 
0-749 
0-777 


0-639 
0-666 
0-692 
0-719 
0-746 


0-385 
0-401 
0-417 
0-433 
0-449 


0-333 
0-347 
0-360 
0-374 
0-388 


0-320 
0-333 
0-346 
0-359 
0-373 


3-40 
3-42 
3-44 
3-46 
3-48 


2-025 
2040 
2056 
2-072 
2088 


1-944 
1-959 
1-974 
1-989 
2-005 


1171 
1-180 
1-189 








1-35 
1-60 
1-65 
1-70 
1-75 


0-805 
0-834 
C-862 
0-891 
0-920 


0-773 
0-800 
0-828 
0-856 
0-883 


0-466 
0-482 
0-499 
0-515 
0-532 


0-403 
0-417 
0-431 
0-446 
0-460 


0-387 
0-400 
0-414 
0-428 
0-442 


3-50 
3-52 
3*54 
3-56 
3-58 


2-104 
2120 
2-137 
2153 
2170 


2-020 
2-036 
2051 
2067 
2083 










1-80 
1-83 
1-90 
1-95 
2-00 


0-949 
tr979 
1-009 
1038 
1'068 


0-911 
0-940 
0-968 
0-997 
1-026 


0-549 
0-566 
0-583 
0-601 
0-618 


0-475 
0-489 
0-504 
0-519 
0-534 


0-456 
0-470 
0-484 
0-498 
0-513 


3-60 
3-62 
3-64 
3-66 
3-68 


2186 
2*203 
2-219 
2-236 
2-253 


2099 
2115 
2-131 
2-147 
2-163 










205 
2-10 
2-15 
2-20 
2-25 


1-099 
1-129 
1-160 
1-191 
l-?.7,7, 


1-055 
1084 
1-114 
M43 
1-173 


0-635 
0-653 
0-671 
0-689 
0-707 


0-549 
0-565 
0-580 
0-596 
0-611 


0-527 
0-542 
0-557 
0-572 
0-587 


3-70 
3-72 
3-74 


2-270 
2-287 
2-304 


2-179 
2196 










?-30 

2-35 
2-40 
2-45 
2-50 


1-254 
1:285 
1-317 
1-350 
1-382 


1-204 
1-234 
1-265 
1-296 
1-327 


0-725 
0-743 
0-762 
0-781 
0-799 


0-627 
0-643 
0-659 
0-675 
0-691 


0-602 
0.617 
0-632 
0-648 
0-663 

















Note — Blanks indicate inadmissible reinforcement percentage {see Table E). 
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TABLE 4 FLEXURE - 


- RElNFORCliMENT PERCElSfTAGE, 
REINFORCED SECIIONS 


pt FOR SINGLY 

/ck = 30 




'ck 


N/ram2 


30 


N/nun* J^ 


/y, N/mm 
250 415 


2 

480 


500 


MJbd^ 
N/mra2 


» 




/y, N/mm3 

„■*■, 








240 


250 


415 


480 


-^ 




500 




0-30 
0-35 
0-40 
0-45 
0-50 


0145 
0170 
0-195 
0-219 
0-244 


0-140 
0163 
0-187 
0*211 
0-235 


0084 
0098 
0-113 

0-127 
0-141 


0073 
0085 
0-097 
0-110 
0-122 


0070 
0-082 
0-093 
0-105 
0-117 


2-55 
2-60 
2-65 
2-70 
2-75 


1-374 
1-404 
1-435 
1-467 
1-498 


1-319 
1-348 
1-378 
1-408 
1-438 


0-794 
0-812 
0-830 
0-848 
0-866 


0-687 
0-702 
0-718 
0*733 
0-749 


0-659 
0-674 
0-689 
0-704 
0-719 




0-55 
0-60 
065 
0-70 
0-75 


0-269 
0-294 
0-320 
0-345 
0-370 


0-259 
0-283 
0-307 
0-331 
0-356 


0-156 
0-170 
0-185 
0-200 
0-214 


0-135 
Q?147 
0-160 
0-172 
0-185 


0-129 
0-141 
0-153 
0-166 
0-178 


2-80 
2-85 
2-90 
2-95 
3-00 


1-530 
1-562 
1-594 
1-626 
1-659 


1-469 
1-499 
1-530 
1-561 
1-592 


0-885 
0-903 
0-922 
0-940 
0-959 


0-765 
0-781 
0-797 
0-813 
0-829 


0-734 
0-750 
0-765 
0-781 
0-796 




0-80 
0-85 
0-90 
0-95 
1-00 


0-396 
0-422 
0-447 
0-473 
0-499 


0-380 
0-405 
0-429 
0-454 
0-479 


0-229 
0-244 
0-259 
0-274 
0-289 


0-198 
0-211 
0-224 
0-237 
0-250 


0-190 
0-202 
0-215 
0-227 
0-240 


3 05 
3-10 
3-15 
3-20 
3-25 


1-691 
1-725 
1-758 
1-791 
1-825 


1-624 
1-656 
1-687 
1-720 
1-752 


0-978 
0-997 
1-017 
1-036 
1055 


0-846 
0-862 
0-879 
0-896 
0-913 


0-812 
0-828 
0-844 
0-860 
0-876 




1-05 
110 
115 
1-20 
1-25 


0-525 
0-552 
0-578 
0-604 
0-631 


0-504 
0-529 
0-555 
0-580 
0-606 


0-304 
0-319 
0-334 
0-350 
0-365 


0-263 
0-276 
0-289 
0-302 
0-315 


0-252 
0-265 
0-277 
0-290 
0-303 


3-30 
3-35 
3-40 
3-45 
3-50 


1-859 
1-893 
1-928 
1-963 
1-998 


1-785 
1-818 
1-851 
1-884 
1-918 


1075 
1095 
1-115 
1-135 
1-156 


0-930 
0-947 
0-964 
0-981 
0-999 


0-892 
0-909 
0-925 
0-942 
0-959 




1-30 
1-35 
1-40 
1-45 
1-50 


0-658 
0-685 
0-712 
0-739 
0-766 


0-631 
0-657 
0-683 
0-709 
0-735 


0-380 
0-396 
0-411 
0-427 
0-443 


0-329 
0-342 
0-356 
0-369 
0-383 


0-316 
0-329 
0-342 
0-355 
0-368 


3-55 
3-60 
3-65 
3-70 
3-75 


2034 
2-069 
2-105 
2142 
2-178 


1-952 
1-986 
2-021 
2-056 
2-091 


1176 
1-197 
1-218 
1-239 
1-260 


1-017 
1-035 
1053 
1-071 
1-089 


0-976 
0-993 
1011 
1-028 
1046 




1-55 
1-60 
1-65 
1-70 
1-75 


0-793 
0-821 
0-849 
0-876 
0-904 


0-762 
0-788 
0-815 
0-841 
0-868 


0-459 
0-475 
0-491 
0-507 
0-523 


0-397 
0-410 
0-424 
0-438 
0-452 


0-381 
0-394 
0-407 
0-421 
0-434 


3-80 
3-85 
3-90 
3-95 
4-00 


2-215 
2-253 
2-291 
2-329 
2-367 


2-127 
2-163 
2-199 
2-236 
2-273 


1-281 
1-303 
1-325 
1-347 
1-369 


1-108 
1-126 
1-145 
1164 
1-184 


1-063 
1081 
1099 
1118 




1-80 
1-85 
1-90 
1-95 
2-00 


0-932 
0-961 
0-989 
1-018 
1-046 


0-895 
0-922 
0-950 
0-977 
1005 


0-539 
0-556 
0-572 
0-589 
0-605 


0-466 
0-480 
0-495 
0-509 
0-523 


0-448 
0-461 
0-475 
0-488 
0-502 


4-05 
4-10 
4-15 
4-20 
4-25 


2-406 
2-445 
2-485 
2-525 
2-566 


2-310 
2-348 
2-386 
2-424 
2-463 


1-391 
1-414 








2-05 
2-10 
2-15 
2-20 
2-25 


1075 
1104 
1134 
1-163 
1-192 


1032 
1-060 
1088 
1116 
1-145 


0-622 
0-639 
0-656 
0-673 
0-690 


0-538 
0-552 
0-567 
0-581 
0-596 


0-516 
0-530 
0-544 
0-558 
0-572 


4-30 
4-35 
4-40 
4-45 


2-607 
2-648 
2-690 
2-733 


2-502 
2-542 
2-583 
2-623 










2-30 
2-35 
2-40 
2-45 
2-50 


1-222 
1-252 
1-282 
1-312 
1-343 


1-173 
1-202 
1-231 
1-260 
1-289 


0-707 
0-724 
0-742 
0-759 
0-777 


0-611 
0-626 
0-641 
0-656 
0-671 


0-587 
0-601 
0-615 
0-630 
0-645 















Note — Blanks indicate inadmissible reinforcement percentage (ste Table E). 
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DESIGN AIDS FOR REINFORCBD CONCRETE 
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TABiLfi 7 FLEXURE— MOMENT OF HESI STANCE OF SLABS. fcN.ni 

PER MFTRE WIDTH 
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«-ia» 


E-J]] 


fr^U 


l-"?74 


fl4aT 


1 -MiJ> 


V-4H 




1«S 


■■?Ji 


0*407 


i^a 


(J-«0 


I'TISI 


l>4$J 


l-TV 


fHltS 




3'» 


I'm 


9^31 


k-TK 


(MM 


i'TM 


?^J 


i-fli? 


ft-*lJ 




I'lJ 


l-TO 


i%i7 


l^7fl« 


4>'4n 


Jtif 


OSll 


l-4t» 


0-543 




3-» 


I-7W 


t-m 


i-iij 


C'^flV 


|,|41 


frjj* 


I^ft5 


c-sn 




3-ai 


l-fll 


U'WJ 


VtJ9 


ff-WJ 


LM9 


o-ssj 


l-Hl 


a^fli 




3<9{» 


l-KH 


om 


'i-M 


a-jca 


i'99S 


9-iis 


1^91 


0-4^ 




j-u 


t-w 


|-»7 


<^W 


1-933 


<N23 


«i 


(MSI 




r* 


l-«4 


9-^1 


i-fis 


Q'«I4 
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OUKI 


1^ 


o^l 




IS 


]UW 


4«7 


L-Ml 


0-Ml 


I-&TT 
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2«ll 


in-77[ 




I'NS 


0432 


t-Hti 


e^w 


£*fftH 


<KW 


£«1? 


C-?M 




MS 


]'M7 


O^fT 


1-W2 


fi>fr» 
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0'734 


2VH 


O-^Kn 
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'2H 


4WBH 
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CTW 


S<W 


«^)U 


t-tfa 


frBU^ 




)« 


I'ftW 


MOT 


i'Ml 
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rs 
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frTJ7 
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S*M 


fl'IW: 
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«-P39 
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£-U» 
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IS 
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i>4a 
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MM 
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9fll 




MJ 


±-|» 
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I'lH 
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VS 
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2^] 
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HM 
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J'3T3 
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££ 
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o-5m 


2-339 


0«M 


i'S^a 


WSIti 


4'W 


2-^ 
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^U 
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i-*M 
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s-*w 
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3-42J 
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O^M 
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0-Bll 


4-JlO 
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frTIT 
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frTH 


T5U 
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l-TM 
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a-^n 


v-fu. 
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a-?i^ 


3433 


»-fMI 
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n-Hi 


4'^ja 


1-4W 


fl'W 


tSJl 


O-BIO 


i-iu 


»«» 


i«4 


(D'^ll 


*-K 


I'XtQi 


*»J 


3-sa 
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M» 


□•au: 


l-<«3 


4]r4i| 


4fA 


^344 


«Sf» 


3-5Qe 


O-KJ 


X3fl 


0-9H 


a-*»t 


iMTI 
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2HP 


O-MT 


3«]J 
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Z'CiH 


d-Kl 
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i-Mi 


+"11 


1-3»1 


«-» 


£»» 


Q-^Sf 


3«l 


fr«l 


a-T+9 


1-431 


4?3 


l-fttT 


0«l 


^664 


0-»43 


1T« 


M» 


i-T» 


l-O^l 


4-vy 


I'MI 


f>4f» 


i-mc 


M^ 


rt*$ 


L41T 


i0fr 


J491 


4-IJ 


3'«» 


^^444 


2-m 


frWT 


JtTtJ 


Ifll? 


24IS 


l-lll 


4in 


1-*4S 


0«? 


a-Mi 


J^UJ 


VT» 


l-«3 


l-Wi 


1-191 


4rf9 


S-TI4 


(■9S3 


i-W 


l-fiW- 


2V» 


J-II2 


3-«] 


1-iai 


1-U 


3-TJS 


■ «» 


i-TW 


nm 


1193 


J-|« 


}4ai 


l-iU 


54ff 


2--Na 


lfl41. 


»■» 


1-103 


±ttt 


l-lfS 


2«& 


1'341 


sm 


1-Tlifi 


IKIlfl 


i-W^ 


HM 


1-907 


■■]» 


J-?« 


l-iTJ 


3'IS 


3^1] 1 


Jflfti 


1^ 


1-lJ? 


2-n4 


I^OI 


jimt 


I'M! 
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^- 


m NlriHit 


M^W. 


rf*^- 


ma 




CIO 


tH- 


MS 


rf'/rf-frift 


tiimiwF 


^ 


*s, 


r 


^' 


'n ' 


1 


f— -^ — 
ft 


A 


171 


3-3« 


tfwz 


3-aa 


uoM 


I-2JE 


0-003 


2-2fl] 


4iMKI 


J'?! 


1JJ2 


0419 


2-31J 


D<l|i 


I-21J 


(J -014 


3"JJ4 


sst; 


340 


3^^I» 


*«» 


2-i» 


i)««^ 


2-^ 


(11]HI3 


a-241 


»*s 


Z'^f:ht 


ff«H 


1^«+ 


131*/ 


3-2fiT 


anp] 


i-aj2 


04?$ 


1^ 


1^214 


Mtg 


i^ai 


0444 


£-234 


frlflO 


1-3W 


fr1« 


pn 


l'3e» 


D'llJ 


13IJ 


o-m 


1-332 


<H2( 


l-i» 


fr]3$ 


i im 


Z'llS 


o-i^o 


I'MO 


iD-]4ft 


l-i^ 


0]J7 


2,mf 


frJflT 


i m 


I'JST 


S-IH 


1-2^ 


CiJ?3 


347(i 


0]B3 


l'»7 


frlt7 


i isfli 


JrStl 


0-191 


11*1 


can 


2^fla 


□■2]^ 


7n4IJ 


PMT 


i^5 


^-^Of 


*2I1 


I'in 


0fH9 


1-*^ 


(^241 


1-444 


frMi 


«» 


3r4J0 


O'TWTI 


2-Aa 


(vasis 


3^57 


tl'37l 


a^ra 


0-SfiI 


*as 


S-^^ 


A^a 


i-4m 


fr:ua 


J^M 


039# 


z-'Pa 


o-jil 


4^ 


?-47Il 


MSI 


ZHfrl 


o^aio 


1411 


4]-9Se 


1-J30 


Q-Mfl 


43S 


^•m 


ci-)a« 


1419 


*-3r? 


1-MS 


<)-»6 


1-519 


0"379 


i-iia 


j'sa? 


0-341 


144f 


*M4 


£-J€S 


0-3aa 


2-fH 


P4W 


tS 


tssi 


o-jfib 


M» 


««j 


34n 


a*i4 


1-tn 


0*4 IS" 


♦30 
MS 


?-375 


frJSS 


3-519^ 


04^ 


1-StJ 


'^441 


IHJ 


D-fltl 


a-sw' 


4y4i] 


3-^L 


11444 


2'SW 


*'4T| 


3-err4 


O'W 


+fl 


a^3 


*K47 


JS4T 


D4TI 


3-li7^ 


iIHJ^ 


^■t93 


0430 
0541 


4nfi9 


2^4fl 


fr4Tl 


a'Pra 


*^4ftS 


j£-nw 


0-333 


2-731 


4^ 


a'**! 


0^493 


2^i55 


OSS 


1-717 


O-JM 


2'T-M 


0-3W 


4^ 




frJ33 


£-734 


o'sa 


2*75^ 


frW 


2-7B9 


Q-ftI 


'HO 


O-HB 


2-IW 


(1-5H 


J'TflJ 


0-683 


2-iii 


OHl 
D-fiflS 


449 


l'T44 


d-574 


?'m 


Offifi 


£-m 


(K*! 


2-AfT 


*» 


l-^ffl 


fr«n 


JHD 


»«)1 


1-H3fi 


o-«% 


1-«J 


e-tij 


-»f 


ITM 


Wii* 


J-EK 


o-«« 


^■B«3 


0-«M^ 


?'90l 


0-771- 


i3S 


l-*]? 


MJI 


2B51 


fr«T 


J-S90 


fl'73.7 


lftJ3l 


'Twi 


2'W'] 


0-STS 


J-B7T 


4V7I4 


1-9] T 


0-7M 


3-H3 


e-B33 


'i^'lt 


Zt66 


0'W2 


IflH^ 


*l*l 


2^41 


a-T14 


14QQ 


Hi 


i*ci 


0-727 


]'9S« 


0-TS4 


2'BTi 


O-ft] 


J-Q19 


a'B64 


IS 


M14 
l-9tT 


tH5J 

fl-TTB 

0'B95 


IW4 
JflW 

Jfl5* 


0-7W 

o-S(i 

K75 


JlOd 


OH] 

0-M7 


?-04l 
3-IU 


e-fa« 


MS 


MJ5 


(kiflQ 


3^1 


Offl 


ym 


0-9&4 


3*^193 


l«4$ 

i-et7s 


s* 


liUV 


ei-90« 


J'lOT 
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i-ma 
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3"B0 


■S^' 
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Q'HI 


^13] 


0-913 
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1-941 


3-U9 


l-ICM 


"^B^ 


I'lW 


0-9 S7 


3-IJ4 


E-giv 


3-114 


l-VTD 
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^^ 


J'lJrJ 


DSS2 
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IHH 


M« 
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l-ltl 
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I'lfS 
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i-lU 
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iMf 
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O^M^ 
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4« 
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J-IM 
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QtlH 


?-745 
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£-711 
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Q-m 


S7f4 


0'I33 
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3-TTi 


B-m 


i-iu 


Q'iii 
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8SJ 


2-e« 
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18*4 
3.-S9J 
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TAPr F- -W F1,EXI/RE— RUKFOHCtMENT PRRCFJ^TAGES FO& DOUBLY 

















M = 


IJNi^ml 
















fi- 


41JNftaiii^ 


Hu/t^^ 


rfVtf^ 


fr« 


d-M' 


ft 10 


^^^- 


O-IJ 


d-iJ 


-frH 


Hfrmn* 


fi 


i*= 


fx 


1 


rt 


>v 


f* 


A 


im 


e>?]« 


dADOQ 


0T3D 


aod-l 


fl-7» 


IH»3 


frTM 


frOM 


5-1* 


Q-ni 


Q-nw. 


frT5W 


aflW 


i\'nt> 


iWnn 


fr*ft 


tMll 


2^ 


OTH 


Q-&3^ 


frUT 


Q^H] 


fl'^SS 


0445 


<K^ 


■UiWO 


»ft 


t?[i4 


a-im 


MiTl 


e<^?) 


CVH 


(M)6a 


0^»« 


4>1m 


im 


0-9] 5 


OQW 


(>«lt 


4^]%^ 


«-ftH 


o-li} 


Vt3l 


l>-li^ 


2^ 


\Hil 


0]£j 


d-MS 


{hJ» 


frSSI 


mit 


i-KS 


4htS6 


10 


flrtTl 


U ]M 


O-SAO 


n^m 


[^cra 


Dm 


O'sgo 


0-;^ 


1-7Q 


0«D 


13 Ifd 


a-»io 


[>7(W 


&1« 


U-JK^ 


eii^fl 


n-344 


I'H 


P*J^ 


Q3:3a 


S)?4I 


ftJM 


(MlH 


D-iSJ 


O^lH 


^291 


!'« 


MJfl 


0I» 


fr*7^ 


&3)fiT 


D-StT 


o-iw 


]im 


ffjil 


XO 


cr?* 


^23Q 


iwi 


QlA^- 


itien 


1^123 


1-II3T 


di-jM 


110 


l-OtT 


DJii 


t«J4 


0j)j 


!-(P2 


fl-SiW 


T571 


D-JW 


J» 


]i1M# 


l|-3*l 


E«M 


Q-HJ 


■ ■QiS 


0-399 


]^1« 


MR 


I'M 


iirrj 


Bill 


t«5 


C-3SS 


I'Jl? 


fr4» 


1-142 


M7* 


3^ 


M(M 


[>40l 


|]36 


Q-427 


MS* 


0'44J 


]-tT7 


CrJIS 


3^ 


|-J3^ 


&^i2 


LIS? 


0-4ffi 


Mai 


frW 


1-Jll 


frSH 


3-«a 


1-163 


ihil&Z 


L'ifS 


0442 


1-3IS 


•IVfIS 


1^44 


D^S?3 


3-T9 


1-1^3 


&4?i 


l-^lt 


OSH 


1-MB 


fri71 


I-2S1 


0-*H 


1«S 


|-23i 


D-7J3 


l-24» 


0-SH 


I2&] 


□ iHHi 


]-3t6 


O^TO 


3 SB 


l-5» 


[>JS2 


L-att 


&Mi 


i^Sn 


0641 


1-iB 


oim 


*W 


l^JTS 


ft-pil 


1.111 


C-^J 


1-344 


frfM 


l-3g!i 


Chia: 


410 


l-3« 


0^13 


1-3G 


^m 


1-371 


frTll 


1-429 


(HtT 


4-30 


l-?l« 


l^«3 


l-STJ 


U^H 


l-^lj 


CK34( 


HS4 


frtt* 


4-J4 


I'M' 


fl-*73 


t-^w 


e^]i 


1-441 


ii-^l 


3-49» 


6t*i 


4>4fi 


l'3» 


f^W 


1-434 


74* 


1-47* 


f^9i« 


I-J24 


SrKfi 


4» 


1-*M 


e-TM 


j-4df 


O-MS 


Lie* 


Diis 


1 J5B 


fl-»*l 


4H 


1-41J 


@TM 


1'4?3 


fl5L4 


LJ4I 


ae»€ 


ISJl 


0-ite 


+-Jfl 


l-«4 


Ql ?M 


3-52fl 


0-346 


1 rT4 


a«i 


1 filT 


iiii» 


4-M 


1513 


•3E34 


S-937 


ih*?* 


166E1 


ct^d« 


l>ti£l 


i-ftu 


4Sft 


1J43 


0'U9 


] S99 


fl-»l9 


i'e3# 


M9J 


l«tT 


iflj? 


1^ 


I^J 


frlH9 


ISIS 


d-941 


1-«1: 


l^m 


|-?3] 


l-IU 


»'ID 


]-6WI 


a-¥i3 


1'*** 


*J'3r^ 


1-7W 


[<)ei 


l-TM 


1-174 


f^ 


]-frJ{f 


0M3 


\my 


llH) 


1JJ7 


l-ttKi 


l-M] 


l-llJ 


J» 


1 b^ 


O-STS 


]-?i] 


]-||^9 


]-1fi* 


llii 


i-ajs 


]-2J2 


*■«■ 


l-BM 


ItJOfe 


] '7AI 


] a.?! 


]'3m 


ii« 


lira 


3-2^1 


jia 


■ ■■?17 


LiEU£ 


l-m 


1 ]4]3 


IH3S 


iwi 


i»J 


i^ 


;«) 


l-?4« 


E«6S 


l-NU 


im 


1-Bfi? 


]'23* 


I'M* 


s-n 


!-T?5 


t«M 


I-4H 


MSB 


I-HO 


M71 


I'M* 


i-«n 


jM 


1-6(0 


!:!lf 


l-*6l 


I2MI 


1*31 


i-rt* 


S-OM 


i^ 


*■» 


IE» 


I'BM 


l'Z33 


1-M5 


1-341 


Siui 


<-«p 


11^ 


1 m 


IW 


\'l^ 


i*>« 


J -375 


l!fl7« 


i-ssi 


«10 


I-*?! 


151? 


i-py? 


l-ifliS 


1-OilJ 


nill 


3-113 


IrSO 


iw 


nai 


iUT 


(-&it 


I^SM 


3^1 


I-44& 


1'14T 


l-fOI 


434 


1-950 


l^?B 


i«]f 


l-3t] 


2«5 


In^Q] 


3-1B3 


IMD 


fi-40 


I^H 


i-aofl 


1-4)40 


1 »J 


1-]JB 


I-51T 


3'2]G 


ywi 



nJKLllLAIr MEMKU 



.4 15 

'a 
20 



£ 



TABLE SC FteXURE — «BOffOli(JbiMl;JSri PifitCtimAGES FOR DOVULY 

kunforcep ss/cMQm 

















jit- 


aONitowr." 
















jf- 


^UKtain' 


M^f^, 


^^^ 


a^ 


g'M 


-l-IO 


^M- 


S-IJ ■ 


■if/rf^(h» 


Mifi^^ 


IV 


n 


■F- 


fi 


h 


i»* * 


^ 




1-TI 


f]-93fl 


(MU 


9HtH 


A4tt3 


O-flW 


{HUB 


J]t^5» 


0«63 


%M 


fVH? 


[KUI 


A^Cfi 


CKKI3 


iMrii 


MU3 


b^iss 


MS5 


ZrM 


0-9K 


[HWI 


B^ 


(HH3 


l-OOl 


»04» 


lt)0» 


0^54 


ai)d> 


l-OOJ 


[Km 


l^» 


ta-art 


IHH 


VM 


i^U 


W93 


i^iff 


mas 


»I139 


iStA 


*-i« 


l-DK 


Q^ll» 


E-(l7J 


O'JU 


MP 


I'QH 


frIJJ 


iifil 


c-1^3 


1-OW 


9I» 


t'lM 


0-1 J] 


ym 


1-113 


9I«4 


1 IS 


tlM 


1131 


frifld 


1-1*2 


0-aid 


^4 


1-141 


9-lM 


1-152 


D'sm 


1164 


(^2U 


1-lTF 


o-i« 


}'» 


I'lTl 


Mil 


I-IIJ 


O^H? 


l-lfl- 


fum 


1^12 


0-l«8 


}« 


1-30) 


0755 


\n* 


frm 


1-25 


VB$ 


i-iw 


a-U7 


IS 


■ ■2W 


D-^ 


iMti 


o-sw 


l-affl 


'[»-3iyji 


I-Jfl 


O-DM 


l-uff 


DJie 


i-n^ 


0^336 


1-W 


(r3« 


I'llJ 


C^MlS 


JW 


1-311 


pIS 


l-XIfi 


11^ M* 


t-sw 


>»4DJ 


|-J» 


Qm* 


4« 


Ml? 


I3P 


fyita 


L-34D 


HST 


rJM 


a^AH 


4^0 


1^346 


D407 


l-3«l 


<H13 


1'3B 


iMra 


m? 


frJIH 


ipH 


1-373 


0-417 


im 


fl-4M 


1-413 


*»7 


HM 


S-HI 


iV 


IhMM 


(M«l 


Ufa 


(HH 


l*4ff? 


«4a 


i-w 


□itilt 


^M 


■ ■43J 


(!«• 


I4W 


C^3» 


j:^ 


MTl 


I'jaj 


o*w 


4rH 


1-463 


viot 


I-**] 


0-K9 


ihh} 


l-Uf 


ShSTJ 


4« 


i-^aa 


ojas 


VfB 


0403 


l*flf 


»«u 


i-Jji 


&^ie 


4KM 


1431 


D-J» 


I'W* 


D^iZl 


1'ai 


IhGHJ 


l-fiZT 


B75J 


4* 


i-tsa 


9«aft 


rw 


|}^6M 


1^S» 


Ml» 


1-iSl 


o-m 


44(r 


i-no 


MSi 


1^14 


p^tfa 


l«» 


fl^TS* 


i'esA 


a-B33 


54Q 


l-6» 


?flt 


I7HJ 


imi 


l-OA 


0-7M 


1^51 


Q-9U 


3^l« 


p-fiu 


»7JJ 


i-ff* 


frTJl 


l-Tlft 


lyfis 


l^TM 


wn 


H» 


1-411-? 


9741 


J-WT 


O-TW 


i-?ai 


ikHd 


1«» 


ChfSl 


fH 


l-tiH 


frTTS 


j-r^T 


e-jfi 


l^fJ 


frtM 


1-«J 


fr«l 


54 


I'TIJ 


O^Ht 


I'Kt 


e-iH 


l-B]« 


«pHD 


l"t?K3 


]-<mi 


f JV 


rt^a 


[M33 


l^B* 


O-Bl 


i-i4» 


J^VX 


1-904 


14«l 


3* 


1-7H 


MU 


I-IM 


friMJ 


1-Ut 


I-Wl 


P^W 


hlU 


f^ 


I-013 


{)t#l 


l-Hl 


C^M 


l'*14 


1-091$ 


1-fT* 


I'lfl 




l'H3 


0^041 


|-P?I 


Ch#h. 


i-HS 


1-V7I 


ixm 


|^i« 


i-rji 


DSM 


i-m 


I1»14 


i-m 


l-lll? 


KHi 


1129 


ffl 


m 


[MH 


i^ii 


IWi 


t-wt 


1-142 


MTt 


lr»l 


«-!• 


1-019 


■ ■PU 


1-Ml 


1-W4 


I'ITT 


1-1 II 


liti) 


fi'H 


1-939 


IW 


¥1114 


11]^ 


2-VJl 


1-213 


a-j*T 


l-Ml 


«4a 


l-WJ) 


t'QIH 


liHt 


|-I4ti 


Tins 


1-244 


£-|$i 


l-jtl 


HO 


^*17 


MDS 


Hff* 


l'17fl 


i'I« 


fSI 


£-Zlf 


1-421 


i^je 


14IU 


l-IJT 


lis 


I'Ml 


2^m 


i^ii 


^'Sfl 


|-4fiS 


«^ 


IVTH 


rta 


i-343 


2-20T 


l-SH 


£-i» 


i-«np 


S-79 


2-109 


1-117 


riei 


l-ZTA 


J-340 


J-»9 


a-3» 


t-f» 




1-lM 
a-iiS3 


l-3f? 




i-3oa 

l-Wii 


ISM 


i^s 


|:^ 


I-S7T 
■ £]« 


7^ 


3-in 


lUf 


i-s^i 


ira 


J>33A 


1-499 


Wt* 


l-4!5 


T'lA 


3^221 


i^i» 


i-ai 


li«ia 


3l» 


1-3W 


1-4J* 


lAM 



s« 
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TABLE SI FLEXUltE — REINFORCEMENT PERCEHTAOIS FDR QOUILY 

















Jfe- 


JSNinmm* 














^ 


h' 


mi^irn^ 


Mwi*^» 


*Mm 


A'ttJ 


^id~ 


CIO 


rf'^- 


A-JJ 


dH-MD 


"Hfae?- 


f 

^ 


( 

r* 


r 




^i 


' ' ■ 1 r 


n 


ru 


Mf 


lin 


mm 


l'P?7 


4H»E 


i-m 


MB) 


1-m 


MOl 


Ht 


l-S^ 


(Hn4 


I'UD 


tnna 


laiQ 


04)7 


t-Jii 


^ 


9« 


1-7W 


w*w 


I-AH 


(J4M 


l-Ml 


iniH 


1-344 


Ml 


V^ 


WW 


i-sn 


<H«1 


I'JH 


»«« 


r2tt 


IHf7 


3« 


1-W 


«» 


1-30(2 


fstiu 


hJQI 


O^Ul 


I'M! 


d-m 


^m 


l-l£5 


frirr 


1 !U 


0-14« 


l-MI 


rm 


I -SB 


D-llV 


#«] 


IJ3S 


O-lfiT 


iW3 


O'lTI 


IR3 


I^IH 


1313 


IKUJ 


4^30 


IJH 


(M4fl 


hJM 


Chilli 


i^lOf 


Vim 


|-4I» 


[|^KS< 


*■» 


1^19 


frl» 


I^CU 


a -244 


I'*** 


««9 


J^IH 


<M^ 


4-» 


I^C 


frlW 


J-4» 


3-2M 


HTI 


D'SOl 


^4tS 


frJU 


44 


1.4TI 


0-J» 


|T4t7 


a-jH 


l-sa* 


iHn* 


l-SW 


frsn 


449 


ItSW 


0-lH 


vm 


(^341 


i-^M 


*Ta 


l-SSi 


fr4E3 


4^49 


1-^ 


0-JII 


1-Hi 


(M(T4 


\'i0 


<Mff7 


J-lSK 


CMJL 


+™ 


1-H* 


frW 


J^fW 


^4W 


i-«n. 


4441 


i-£f? 


tt*9a 


444 


]<5»l 


Mil 


I'flp 


WM 


1-434 


D47I 


l-66£ 


(HW 


440 


1^7 


&4U 


J-«*i 


r*™ 


1-«T 


(M» 


l-fi» 


1M» 


pm 


t^rt 


0-^+ 


J-CTJ 


a-j(H 


I'Srt- 


(^JW 


1-731 


MH 


*to 


I*** 


»»4 


1793 


Hi'iJt 


i-ni 


CW 


l-TK 


1^444 


jao 


l-TOS 


M*3 


I'Tii 


frSTD 


J'B 


»4» 


IHO 


iMfT 


J30 


l-TH 


4^ 


l'TS4 


i>«ia 


l-w 


M« 


1-BU 


frTlS 


34) 


l-7» 


4-JM 


l-W 


twaff 


i-t» 


IH91 


l-Blifr 


a7ii6 


JH- 


1-741 


0-«iT 


1-«2J 


*«? 


i«^ 


V^ 


14M 


irme 


J41 


j-m 


0-657 


l'BJ6 


frWft 


i-m 


O-TS 


1419 


(l'B44 


*1« 


i-ui 


Ch-bM 


hA» 


U'^il 


IIOI 


O-TW 


l-SfJ 


0-BH 


sm 


I^ASQ 


Q'TIH 


M]n 


0^65 


l-HD 


«}4» 


Mm 


MM 


f^ 


I'SO* 


0-Mt 


l->U 


fl-TM 


1-959 


Q-«9 : 


14U 


04IS£ 


tin 


l-fjt 


0<W) 


I4ff 


f)-H3a 




frax 


Mm 


li»£ 


£1S 


]'?&T 


ChBIO 


2«U} 


O-Ml 


Q-HD 


Mil 


1411 


]-9H 


I^HJ 


t«l 


9«C 


l«fj 


*¥7J : 


1-147 


l-QH 


»3» 


I1KU- 


^wn 


fUJi 


(MM 


1-IB 


ifltt : 


Mtl 


hiin 


fr40 


21Ba 


(HU 


i-ioa 


D-M| 


X'lM 


J-0«i 


mf 


l-lli 


frJD 


34U 


<M9S 


11^139 


*»1 


l'l« 


]-IU 


»n 


rl9l 


£^ 


3-]]] 


(MW 


31H 


l-Itifi 


J-SJ 


J-JJI 


ms 


IIH 


r» 


1^142 


D-9M 


3-JH 


1-QH 


t»4 


IIS : 


t» 


i'U7 


fr« 


Mil 


l^mi 


;;-'dGU 


J-WJ 


I-IH 


t-IB 


l^JH 


I'll* 


*» 


l-Kl 


1«} 


!^ 


J'Uf 


2-JI» 


i^xM : 


^»a 


l-l» 


TfflJ 


3-Ba 


1-4H 


MIT 


IJfl 


]^l!«fr 


Z^4H 


1 J« 


Tifi 


1-3M 


IJJC 


Mii 


]|» 


t-m 


1^39^ ; 


HH 


J'lH 


t'So 


l-SM 


l'E47 


M*e 


I2I2 


2-417 


I-m i 


MD 


I'fRI 


T^M 


a'3i7 


I'ITT 


a>aB 


1-iM 


2-449 


i»f 


tm 


I-M3 


-MO 


tHfi 


i-sn 


ZvllC 


t-3BT 


I^IC 


]-4ea 


IJQ 


J-Afl 


T-H 


tm 


JOT 


^44l 


J'JtH 


3:JJ4 


1-437 L 


1-397 


1-fll 


I'M 


1«5 


]-2«» 


i-€n. 


I-JR 


3rH7 


1-47* l-SBl 


IfU 


ITS 


2-4H 


iw 


1A& 


rwj 


^-^w 


i-» 2D6a 


i«t 


T* 


i^*E? 


1 3» 


15M 


1117 


3-frn 


1-544 Z-lVl 


I'm 
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TABLE 51 FlHCttltE— BFlt^Ff>MrFM|5.NT FERCENTAGES FOft DOUBLY 

BXINrORCED SECTIONS 

















/cb- 


MNAftDii 
















A- 


4IJni^fflm' 


wjw*. 


rf-W- 


tH» 




■ O-IO 


^H 


~tn 


/■/rf-O-HI 


fVbn' 


r— ^ ^ 


J-i 


IF ^ 

ft 


'. 


Ft 


Pm 


fi 


fi 


l\i 


I4H 


HHUdQ 


]-4^ 


ftfin? 


1416 


QVUl 


I4M 


IHXU 


i-30 


1411 


iHAl 


l-*n 


(Kn^ 


I4S^ 


tiBH 


I4S4 


wm 


>41fi 


|h4U 


OHOU 


1'491 


afi5i 


I-46S 


tan 


l-4ffl 


iK£2 


4-40 


1-509 


fr0W 


i-Jl5 


0484 


I-31B 


Ci«J 


1 323 


ft-102 


4^0 


I-Sll 


friio 


1-«4 


Q-llJ 


l-3» 


e-m 


l'33ft 


lyiM 


4-CQ 


l-SflT 


{>I4-I 


J'JTJ 


OlSfl 


1-HJ 


41^ 1-53 


1-JB2 


Q-141 


4^0 


i-}9« 


O-ITI 


HWIS 


0-iia 


l-iU 


^m 


1-417 


O'lao 


4-» 


1-&S 


&^^ 


■•iuti 


O'SIJ 


i-m 


(WU 


Ingfl 


Q-MO- 


«.«! 


1-£U 


OUl 


1 Wl 


caw 


i^S 


friTO 


t-fiH 


^■3W 


J«0 


t-ei4 


0-154 


l»H 


*SS| 


fr»« 


J-TS] 


fr3J& 


3'10 


1-ni 


Mil 


IT» 


fr314 


l-7« 


&-u« 


I-T63 


41-379 


i% 


J.T43 


9-llS 


1-T» 


fr34T 


l^S 


B'jra 


JWQ 


^41i 


yy^ 


1^71 


9'W 


l^?» 


4-3« 


L-tJI 


Mi;i 


l-PU 


0-4S? 


j-« 


l-ffll 


H-WT 


l-Ul 


^411 


1^9** 


fr«S 


1 BtiS 


fi-49a 


j» 


i-IM 


mn) 


i-tti 


1H4I 


VS16 


MIJ 


I4(H 


«1T 


j« 


l-tw 


d44« 


i-?93 


*4Tf 


t«B 


D-i2l 


l-ftS 


frST? 


J'W 


t-Bf 


vm 


i-sn 


frJH 


J-941 


e-5tt 


|-?T3 


«-(l« 


5>l» 


i-m: 


C3]fl 


1*44 


ffW 


ZW? 


D'Ste 


ziKb 


iKbM 


54 


|4«K 


DM] 


nvs 


B-jre 


li-s^a 


2iMS 


fr6S(i 


iim 


l«f 


1F37? 


Z-DO^ 


MO 


MM 


*-w^ 


JS?77 


iy73^ 


fUC- 


^ 


i^iDi 


i^nti 


{^«42 


i*ra 


0-699 


2-]] J 


fr775 


4>fll 


I^U 


1^^ 


4473 


MH 


6?J5 


2-146 


€'114 


«■» 


;!-«J 


0*664 


1113^ 


fr™ 


Z-IJT 


frTTJ 


2-lBl 


'0I.S4 


«« 


l«u 


0-«5 


2-129 


*ni 


tiw 


0-HDT 


2-216 


IM44 


*^ 


i^iii 


«-7se 


M« 


ft-713 


MB 


tB43 


2-Z5l> 


B^JiJ 


4^ 


ZIJI 


Q-T51' 


t-w 


<WI 


2^f 


0-BTE 


]-2tlJ 


S^fH 


^-70 


M» 


C-7W 


J!-U1 


(Mw 


2^3^ 


11-9] « 


a-SMK 


I«I2 


«-H< 


£»t 


f|-«]Q 


i-M3 


0*T2 


23W 


CPSG 


3-3S4 


I«i2 


4-M 


211B 


q-MS- 


^■3« 


IMOJ 


2-33] 


fl-5JflS 


:3'3W 


14}H,I 


T^» 


2-3*7 


*«M 


1-JI4 


Mai 


im 


1-0(51 


5^414 


l'131 


ri( 


2-296 


0411 


l'M4 


0-m 


I-J9ft 


1-ftn 


1-4J4 


|-1?1 


me 


Z-9il« 


#441 


1-ns 


l«)3 


1-431 


i-OM 


i-4»:i 


iil« 


7^ 


2333 


(f^TI 


JMW 


I1B* 


t'469 


1-J2* 


i-sn 


i-uo 


Tm 


J-3IH 


14» 


i^-W 


IHH9 


t4H 


1-I*t 


i-m 


i ?«t 


TB 


1-413 


ItJH 


3^«S 


l'lii2 


3:33* 


l-SPQ 


l-isf 


IMS 


T-tiC 


1-441 


lOU 


2-4SB 


]'134 


^-Xl 


L^2I« 


i-iii 


I'M* 


r« 


1-471 


tOfi 


3-5H 


rte"? 


£-394 


1^1 


21« 


l-4» 


T-M 


irjm 


\J^ 


2-36(1 


I'iftJU 


2iac 


(-»T 


11W 


l-44i 


T« 


2:^30 


i-5Sl 


1^3 


2-iSf 


I-3II 


2-7)5 


i-4sa 


hw 


1S» 


HII 


s-fiaj 


1-36C 


1^1 


J-37P 


2-7™ 


1-J2T 


1-14 


2-3Bfl 


]-2U 


S-**! 


I-m 


2-™ 


HI* 


2-101 


IW 


a-^» 


2^1? 


]-25a 


2-^ 


1-131 


J-737 


1-4J0 


£■{)» 


I-6W 


t» 


S+4* 


isep 


I TL4 


IKA 


a-7W 


%-0» 


£-£H 


l-fiU 


mo 


l^fiTfi 


1-311 


3-74J 


l-JPT 


T.-tn 


l-fl? 


a-sji 


9-tK 


H4 


2«! 


3-341 


1-m 


\^^» 


J-iH 


Hi7 


5^90 


vm 



DBVOS >ai!9 FOP, HHSmhCtC OOtlCMTl 



500 
15 



RHNPORCED SECTIONS 

















^- 


ISIf/kftn^ 
















Jt- 


fiMK/^wB^ 


Mu/HfJ*, 


d' 


,'rf=>iMl:^ 


rr^rf- 


f^lU 


ifiJ- 


O^Jl 


rf-^ 


-O'X 


x^j^^^B^ 


J*^ 


f^ 


^1 


^^ 


A 


A 


i^ 


fM 


1-9 


0-S« 


1H»J 


»^f«« 


OiJM 


«-3{iB 


d«u 


D^JtiS 


tn^ 


3rl9 


as« 


«k4H 


4-«n 


04» 


fl;593 


fl-m^ 


[i^J»4 


£>t9i£ 


ya 


C-»i^ 


0453 


Mil 


0*56 


fl'622 


<hlHl 


[^6i23 


f>4n 


»t 


d'M& 


fl'OT? 


o-W 


$KM 


fl^H? 


iwa 


D'SM 


OrlQl 


^m' 


diiiM 


■cj-cm 


DNlTa 


o-m 


iK*?* 


O'lSJ 


inH.1 


CH33 


*» 


(KS9 


fllJ? 


ff<M 


OlSB 


frna 


5-133 


mi 


[KTJ. 


f«a 


»"]rij 


a-L33 


I"21 


(l-l«fr 


CTW 


D'iB3 


El-l^k 


o^sutt 


^Tfl 


QhTJT 


frl?! 


^T4S 


SJffl 


<J^73? 


0-213 


*7W 


OrSU; 


»i 


frTfi] 


(h^3 


IMT3 


02ZI 


CI-7B4 


i-m 


lym 


yiK 


3<« 


(H'FBS 


fl*Hfl 


*7W 


0'34§ 


0*»11 


a-m 


mi6 


frilfl 


3>«9 


OBIC 


ifiSi 


04O 


y-iM 


V-HllJ 


O-XH 


O'BSS 


O-S^S 


l:3S 


ft^BH 


i-tn 


^t# 


0-*)l 


0-B6S 


(MM 


a-HM 


CSTft 


Q-JH 


QSM 


frST4 


frm 


e-Bffi 


CHI 


omi 


<h4J3 


J40 


I^HU 


O-lZS 


O'SOO 


D-JH 


nif 


O-MS 


(I'M! 


B-Ui 


1« 


ll«U 


ll'3'M 


ivg-jf 


ft-M! 


M« 


i>^4U 


a-oa 


Qiii 


3>iO 


44^1 


D-im 


MS] 


iMI» 


MM 


friSi 


<]-»« 


KJ-Jli 


!€ 


0455 


eHHHi 


M74 


tM¥i 


l«l 


O^IU 


14^ 


0-331 


*•« 


MfP 


fr4» 


■ ■dOi 


a-^a 


l^l| 


0-JI« 


I4VK 


O'lm 


140 


J-QH 


5"^J5 


]<i2t 


M» 


IW5 


Q-5M 


liMS 


D^as' 


i4Q 


l-ft» 


0-4fil 


i-Ma 


Q'J^ 


1-012 


B-m 


1-114 


0454 


44fr 


l«fj 


O-JK 


i-ere 


d-d so 


1-tm 


**W 


L 141 


A-^a 


t-lft 


IWfi 


o-sai 


IIH 


frS?7 


ILSti 


4«3T 


t-ni 


0-7U 


44 


I-IW 


4]r3St 


l-i3a 


«'«U 


1 IS 


«e? 


L-3M 


0-TST 


*-39 


ri» 


0°IB1 


i~j» 


«631 


ILIO 


1^A« 


L-U$ 


d-iw] 


4-a 


1 J4» 


o-fim 


l-JH 


«1S«Q 


1-11? 


(MTB 


L25$ 


0-^23 


4-» 


I-JT3 


OlOi 


j-iM 


«-6BT 


J -244 


&73B 


1-ZB6 


(ktiai 


4*1 


IIJI 


tm7 


r2U 


vm 


]-2TJ 


ff7B9 


l-il3 


flisi 


4-78 


i-i2d 


<y6ti 


i-;Ui 


i-i4i 


?-»e 


»B19 


]-H4 


ff43t 


*m 


j-m 


frTW 


1-3U 


fr?ffi» 


1-32J 


ffM» 


1-373 


l^^Sd' 


ma 


|-I1»^ 


<f^^ 


rJW 


O'TV? 


l-SSS 


0*W 


1-441 


1M*T 


|<ii 


]■»« 


0-7M 


1-334 


!^l(» 


i-jra 


□4in 


i4"m 


1-4^1 


^10 


1-1*1 


&-1t3 


l-3fi» 


CP4J2 


■-«& 


Q-MQ 


f4Si 


1416 


no 


CAR 


|-3«9 


MfW 


J-*:* 


Hna 


l-MI 


i+idd 


J» 


i'3« 


5-flM 


1-411 


(Hfl7 


l-4di 


l-cpi 


t^l4 


i-3i4 


*» 


1-3JJ 


0-IUS 


I4M 


o-9a4 


1-4« 


1-»1 


i-$v 


1-369 


j,^ 


3-413 


fMt4 


I'AU 


tls*I 


i^aia 


I'va 


IrJT* 


-l-JW^ 


S-flD 


3 -434 


Mja 


141 


(HIW 


1-343 


i-iRl 


1-400 


I'BT 


y» 


]-4fl 


(H(0 


J-JIJ 


l'(H« 


] 369 


i-m 


1-631 


i-iTi 


v^n 


l-J«« 


fr4#) 


irfla 


I'dti 


1-9H 


1-113 


3-fiW 


1-J44 


s« 


1'3U 


*st* 


[•»+ 


lini 


bfiia 


■-l»^ 


]-6Bf 


1-34* 


««i 


I'SSfr 


l-Dll 


i-sm 


i«» 


i-tio 


i-ui 


l-Tll 


1*373 


*-lQ 


l-5tif] 


!'<»$ 


1-«19 


j-j» 


I tin 


1^1 


1 M6 


14>» 


fr» 


l-SM 


1461 


^641 


1-1*4 


int 


I-IM 


I-7TJ 


i^3 


^» 


]-«» 


InOAff 


]'MH; 


1 cjp 


i-ni 


IXU 


■ iDf 


ViVn 


«>41 


i-ej? 


■ 111 


i-wa 


1-S« 


|-T» 


i-j» 


J-I» 


|-J1£ 



rLEXUKAL KSHEHIS 



500 
20 



TABLE M FLEXURE — R£INK>RCEMENT PEHC^NTAOES FOR E>aUBLY 

REINFORCED SECnONS 

















7^- 


»»^n|i 
















A' 


WH^ 


MJi^, 






rfitf- 


o^a 


*M 


-911 


f^ 


■! EHQ 


mtm^ 


^ 


^^ 


^ 


z** 


n 


' ',* 


?f7 


a'7M 


9930. 


I3H1» 


V9& 


»^» 


<HW 


^^7a 


(mQ] 


2^ 


0'?&S 


4H3IQ 


O^HS 


(HHl 


m«e 


ami 


(HffT 


iroi4 


tm 


frTW 


iHli5 


O-TSI 


<Ht3fl 


O-MU 


<hi4i 


o-ni 


fum 


im 


o-ni 


irU^i 


Ci-1)« 


Oi»6 


D'og 


(HPl 


VlH 


043 


3m 


fhu? 


WH 


B-gl3 


fKBI 


ff-ftn 


frlB 


[HSl 


c-ni 


>lt 


d4&2 


4-11 E 


(^■Mt 


&12I 


MT4 


l)-l» 


««2 


■B-ISZ 


i^ 


a<n& 


d-iit 


Chl9j 


IM48' 


«4^ 


HM 


fr9ja 


o-iss 


f-» 


MlA 


*i<i 


fl-*l* 


(Hi* 


[MM 


|]-]«4 


dui 


fun 


Mfl 


O^W 


»-iti 


fr*« 


o^ft* 


Q1P35 


iD'^qj 


Q-4m 


Mfl 


MS 


MM 


»l) 


C-9W 


0^1 


»^J 


fr35S 


fHSfJ 


cmt 


Mi 


»« 


O'ZH 


«If9m; 


fhS* 


l«» 


o-ouc 


i-eas 


H14 


3-n 


140? 


A'V* 


149J 


frsrr 


liH 


e-316 


1-4M 


»■»• 


vm 


1491 


0^20 


J4ld 


ff-JW 


14«f 


0'3f? 


I-ttl 


5-JM 


H* 


I4U 


MI4 


J4n 


d-M3 


]-«l 


frjn 


i^ta 


{iNca 


*m 


IWI 


»4iO 


■ •Off 


4H«a 


1-iii 


(hlW 


i-m 


««i 


4^|i 


im 


OWS 


Jiia 


ikwi 


i-jfi 


ihUfl 


1-J0 


a«T 


+3* 


ll» 


'frm 


J'W 


1HSS 


i'ji2 


VAVS 


UM 


«33 


*m 


I'lS 


Hll« 


J-IM 


MU 


[J99 


r*w 


I'SHT 


a-stt 


4a4b 


■ ■I7« 


QnHl 


J^^Mtf 


CH#0i 


I'XH 


M» 


J.'SM 


v«n 


*-*j 


13& 


MR 


lltj 


Mff7 


1-133 


04il 


I'W 


(^£IS 


*« 


1-333 


'(Hn 


l^Jll 


ff!B9' 


l!9» 


mi 


1-U} 


{rf» 


+w 


i-sm 


tKFlT 


1-IM 


o^shu 


■107 


tiiti 


1-M£ 


OTW 


4M 


i-m 


4»5t» 


1-JU 


fr»o 


I-IH 


wai 


I'JW 


&T» 


Me 


{■m 


^Ht 


lis 


I^«U 


]■» 


wai 


iwr 


*™ 


H» 


1^9. 


«» 


l>«u 


]^»t 


t^ii 


l-tiS 


n-^ 


3-IC 


I'NK 


O^tt 


l^HS 


t^n 


I^S 


mi 


l-MT 


tttn 


94 


i^jn 


a«i4 


1-W 


B^i 


1^40 


S-TO 


l-ilJ 


341 


I^J^I 


fr«n 


l-4» 


0^79 


i^n 


HH 


l-iU 


fmi 


9-4D 


J'*!! 


0«4 


i^*H 


*7J« 


141 


HM 


I-M 


OfU 


*« 


mil 


»7» 


1-ttf 


(rto 


i^»A 


A4&S 


3-iTl 


n?« 


J4D 


]i4B 


q^M 


IrfH 


ftflii 


IrHl 


MH 


IfPQ 


1-tia 


J-W 


141 


ai^nt 


1-S3 


^tS9 


!■»« 


SSi 


1-09 


IIW 


9-H 


J41I 


»4K 


i-fW 


HM 


l-iH 


I'tff 


^■"i! 


94 


l-MC 


MK 


t4ia 


fr«H 


t>ill 


MK 


i-m 


niA 


4«> 


I4frl 


qji7 


l-fW 


»Al 


i«» 


i-n? 


1-71! 


list 


«'iD 


I'JH 


fr*73 


USA 


H«i 


[4H 


140 


L-IU 


»s 


4f3Q 


■■Vl? 


d-M 


i-HO 


HTfi 


|-11» 


ItfM 


l-TTJ 


&» 


I-0H 


0-M3 


I«l 


l-OH 


l^W 


1-IH 


L-tn 


l«7 


4« 


l«l 


0^9*9 


ITll 


1491 


i-Wt 


i-m 


L-E» 


izn 


tir» 


J-4V 


IMW 


1-7M 


l-0» 


llf* 


1-10 


1 H04 


1-H« 


MD 


l^H* 


&m9 


(■T*l 


nil 


VtiL 


i-ud 


]-*» 


1-Kl 


|rn 


JTS 


l-Oli 


L'TH 


ViH 


l-M 


1-^ 


'111 


1-3H 


Srm 


i^?n 


l-OV 


in 3 


1-142 


i-ns 


i-an 


J-Kf 


]-4» 


HD 


I^W 


am 


J'S» 


riTB 


L4B 


l-H 


ifw 


li*t 


T« 


I4U 


vm 


1(H< 


I-IPI 


1499 


t-sa 


ma 


ust 



aN«3ifiii 



500 
25 



TAMLE ^ FlJ£XLIR£ — afiIHFOfta:M£^^^ F£RCENTAO£S FOR DOUBLY 

RErXFORCED SECTIOMl 

















J6^- 


^Hhm^ 
















Jt- 


milftmr* 


JV^^PV^i, 


rf*/W 


-[Hli 


j^irf- 


O^Ji 


J'N 


-flS 


rf-jW 


-ifiA 


H/ttzw'' 


/I 


iw 


/i 


^B 


^ 


F, 


n 


r. 


>^ 


fr4U 


^m 


»44S 


eim 


tt9U 


0401 


frMS 


4nti 


94d 


•D^»S^ 


»ei9 


I>4fil 


a<iu 


0-9^ 


MBA 


««f 


44H 


3^ 


v^SS 


i>«44 


aim 


trfHfl 


OWl 


oan 


04M 


MM 


141 


J-ffl* 


4Vflf7Q 


1-014 


MI7i 


]«H 


wm 


14^3 


M» 


»» 


J-MS 


*«1 


J-MD 


C-IM 


J-ftM 


friJ9 


1-ftR 


luft 


l-n 


J-WP 


q-121 


l-Otf 


»-|» 


i^m 


ft-145 


IDiQ' 


«if 


3fll 


I-W1 


eHi4« 


IWI 


B-I3I 


ItHS 


frii* 


3 1W 


4y» 


4-ai 


I'lOT 


inTa 


Mlft 


[MCT 


■"]» 


Q^SG 


l-13ft 


4>1H 


4aa 


1-lJl 


e-lflf 


i-m 


IMIJ 


1154 


friW 


l-)£? 


flcaa 


4^ 


]^l» 


fl-jaa 


llSf 


D-ats 


13S( 


^^ 


UK 


a^3« 


4^» 


i-jie 


9^41 


L-IM 


«3n 


j-m 


(^j» 


1-B4 


4-U4 


440 


l-SH 


(^TM 


1^9 


«!■ 


i^ias 


D'sa 


MS3 


*J7^ 


4-» 


^3e» 


□'^ 


lau 


{h-3U 


i^*m 


pwv 


HOflS 


<Hnc 


4« 


i-an 


o-its 


■■zra 


B-iiS 


i^w 


frS» 


9 -HA 


(M43 


i-W 


t-rrr 


frSSO 


!-3« 


9-Mi 


IJIC 


HU 


i-llf 


PH?i 


44d 


um 


M!H 


IJU 


(HW 


i-j*j 


0411 


i;»l 


(t-m 


4« 


1-133 


[Hes 


|J4« 


ihitt 


i-wti 


(HB 


l'»f 


Q-in 


si» 


im 


(H37 


i'JTl 


^ 


1-397 


MJl 


1421 


MS. 


tva 


IS74 


[HiO 


l^3H 


Jn4a4 


W4J 


NH 


Ml? 


s-so 


l^Ht 


IHffi 


i^4U 


ms 


i«i 


IM74 


t4U 


D^SI 


^jt 


1-«S 


^'M* 


ln4tf 


0-441 


1-474 


D^Od 


LIll 


04H 


Ml 


I^M 


4^» 


1-4M 


ChJTJ 


ixa 


Mad 


LrStt 


&7II 


»» 


J^» 


frHS 


i^m 


N!» 


im 


0^)M 


1tH» 


4-7JW 


r« 


I-4SJ 


frJAA 


1% 


(hUl 


vm 


^fWl 


J>»4 


rue 


JT?1S 


ilraH 


<^&H 


rs#» 


<^m 


i-ts? 


»tu 


9«l 


1-W 


WS* 


l^W 


MH 


i-«n 


W^U 


I^f 


OrW 


!■« 


J'«7 


WiW 


j-m 


m|4 


1^1 


QTn 


1484 


o^fl 


«D 


l-HQ 


HB 


J-D7 


prMI 


i^fifii 


O-BW 


1^11 


(rt» 


4'» 


I'<l« 


o-W 


t-*» 


fi^no 


I'M 


g-iK 


l-M$ 


s& 


E-» 


!■«« 


0-713 


[i6W 


rm 


1-7X1 


o-sw 


\m 


i^H 


1 liH 


a-?5i 


i+m 


(HH 


l-T4« 


IHIIJ 


1^79* 


1-494 


frtt 


I'ua 


0-714 


i^ 


MS 


JTPB 


MC 


i^nf 


i4ia 


fi-n 


l-TJi 


MIO 


frfll 


i^iu 


OTU 


l-tfT 


I'lJDi 

i-yi 


MD 


ITW 


0-435 


I^Tttl 


*1K 


i-JiV 


itra 


l^t» 


*^ 


I1«1 


*^«l 


itot 


»«M 


l-BST 


119) 


I-«I4 


rjM 


«« 


IMS 


<Ht6 


1 B31 


fr«44 


L-H* 


L-Hi 


P-M^ 


liHI 


HI 


ISA 


0411 


1-BT 


i^*» 


l-fJI 


L-flSi; 


1-471 


l-M 


T^ 


1-134 


(rtJT^ 


]-|tl 


|-0E» 


t-«t 


IJ2J 


1-m 


j'Sn 


I'M 


j-4i«i 


(»4«1 


I'M* 


3 44? 


1441 


11H 


£4» 


iia 


I'll 


14& 


»w 


l+W 


una 


1-wa 


1^1 IT 


i-oat 


tjI 


]^os 


I1H4 


i-w 


l-HKI 


2^9 


l-ll? 


l-W 


i-ai 


740 


l-«?4 


HW* 


1-4V 


1-E3D 


IflU 


1-141 


f ]]f 


l'4lf 


^'» 


1-fSS 


I4M 


j^ji 


^ E» 


1474 


i-a^l 


2-144 


L'^ 


1« 


1-flW 


I^W> 


i^n^ 


lit« 


i^iei 


I'JH 


Jl?) 


|-4f4 


1^» 


1«J 


1-iJC 


jfle 


iJI) 


Z^tH 


l-W 


i^jta 


1-m 



fLUVUL HKMAIAI 



500 
30 



TABLE » Fl.EXURE~RE!NrORCEJaEPCr PERCENTAGES FOR DOUBLY 

REINFORCED SECTIONS 



^= JON.'rimi* 

















/.- 


jm KJimn" 


jjyw. 


^^/d- 


QW 


d'M- 


»l(l 


J- 


IMS 


d'f^ 


-,(]-2D 

J- 
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Fi 


fo 


^ 


/* 


/c 


ft 


ft 


A 


4« 
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I-IH 
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4^ 
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{HHJ 


l-LU 


&<M 


MR 
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M»3 


Mm 


4^ 


L^flS 


(HffS 


J-ltJ 


Ch«M 


i-zid 


nfj 
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<^1S 


*« 


1231 


fries 


MTT 


frlU 


t-J*l 


S1J6 


]-2» 


OE43 


4-39 


I3H 
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|-»J 


frltt 


1=371 


e-in 


]-m 


ai79 


i-H 


1-180 


iH» 


JIM 






e-]Bfl 


]'3M 


<HI3 


4W 


l^(H 


frie 


I-JI4 
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(]-21H 


1-H7 


^>-?4S 


l-fe 


|-»9 


<»07 


J-HO 


D'SSfi 


i-m 


0-2^9 


l-3« 


4J^O 


i« 


vm 


d-fU 


1-9«j 


fr354 


1-3W 


c-sw 


l^AW 


&-3lt 


$w 


i-rn 


t^if? 


IffI 


»3n 


I^«H 


e-sji 


I'iii 


0-153 


S<Jfi 


14tH 


O'SU, 


J^j« 


frw» 


l^fS 


D-M^ 


IniW 


C1-3M 


»fr 


I43« 


[^JI4 


i-+n 


frM7 


]^4» 


frJTl 


[-4BI 


fr«^ 


»-» 


l'4J(» 


«« 


i^r? 


A^3«$ 


l^tfl? 


0>4D3 


fS» 


0-4^ 


3« 


1474 


O-XJ 


1-493 


0-195 


1-51* 


04W 


k-SiS 


fr453 


fX 


]"4™ 


D-W 


I-51? 


&4SI 


IMl 


(M4S 


iSfl 


frSJi 


>» 


1-3S 


V'llJ 


|-$+l 


0-449 


lASfl 


O^M 


IH^ 


Ofti 


y» 


lrJ4T 


»«• 
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*477 


j'Jia 


OdQA 
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<H»ft 


S^ 


l"*?! 


MH 


l»S 


frSW 


1^ 


*«7 


vm 


»fiU 


sw 
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a-49a 


i-ei 


o^sia 


1-M9 


9»l 
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(Titi* 
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(^-HO 


i-&i6 


OlSIf 


J -710 


om 


frifll 


l^i 


O-Mi 


]-#n 


^J«t 


L-K4 


(HSO 


1-71? 


CW4t 
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it>a 


O-SH 


i-WJ 


D^ie 


I'TII 
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(TTTJ 


#w 


ma 


frSflS 


1'77! 


&4M 


l-^T3ft 


MH 


i-'m 


»4lfT 


dr4a 
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*^fl 


1-T+J 


MT2 


1-713 


0-H3 


IflM 


9-m 


^m 


i'?4n 


#641 


1-7T4 
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l-tll 


l>T?3 


i-vs* 


O-BH 


£4 
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fl--?^ 


l-»9 


a-fNH 


l-SS 


D412 
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nm 


CkH'J 


L-Si5 


0-7S* 


l:i!l 


a-B35 
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»« 


i-iij 
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I'Ml 
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L-94Q 
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(w 
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IfllT 
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nn 
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E4i 


]HH3. 


T-lft 
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QKWl 
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i-m 
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1«37 
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r» 
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tim 
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I'lSl 


M& 
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I-CIS 
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\M 


MO 
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2-II9 


■ ■IS? 
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M» 
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TABLE yi Fl:fXimF.^LlMrmiCi MOMENT OF RESISTANCE FACTOR. M^.tmlthd'Att 
FOR SIPTGLY REHMFDHCEP T-BEAMS, W.iBJn' 
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(M30 
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Q-4B1 
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D-IM 


O'lM 


JhllR 
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9^ 
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Q'ZN 
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frlU 


frSH 
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*M1S 
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O'TQS 
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frf? 
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(MZ8 


(Mas 


O^U 


0'tl4P 
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l-OOl 


•ft"'^ 


frlM 
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*3M 


tM3S 
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*t31 


0-711 


0-BH 


JM2D 


E«n 


IW* 


9-13I 


M» 


(TMO 


D^l 


CHZ 


{>«43 


0-T44 


0-H9 


(HNfr 


[fl*T 


(>■» 


»J» 


0^1 


frl« 


EMU 


IJ-iSS] 


{Ha4 


i>357 


a>B« 


fl'^ 


[-06« 


<]-3] 


fi-lV 


Q-^U 


*J49 


a-4H 


O-SSSr 


*^4 


if7n 


0-6T* 


O'^IW 


E'^Uf 


tsi 


tun 


fl-3*i 


frMl 


0-4^ 


fr3M 


>«7J 


vm 


fhW 


O-flST 


t-IO« 


B-iS 


□-]3fl 


D^A 


o-Jf? 


D4a 


arr^ 


(^H3 
0^ 


*^W 


D4Q4 


|4]4 
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ri4 


^IJI 
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frl« 


94?J 


Q-»4 


tm 
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I^IKl 


1142 


•« 


Q-9JI 


4-331 


0-X5 


flr4?9 


em 


O^TDtf 
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H>4U 


I44fr 
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d-iH 


MM 
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fl-j? 


0-331 


*SS 


(J-373 
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(Ha 
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fl-W3 
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I-I94 
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O-IH 


fr£H 
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4^L6 


OTJti 
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■^ 
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»• 
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Ml 
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D-JS 
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O-ffZ 
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04 
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4m 
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«4Ge 
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l^iitK 
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d47l 


0-90 


0-131 


HW 


0-21B 
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3, COMPRESSION MEMBERS 



3.1 AXIALLY LOADED COMPRESSION 
MEMBERS 

All compression members are to be designed 
for a minimum eccentricity of load in two 
principal directions. Clause 24.4 of the Code 
specifies the following minimum eccentri- 
city, Pmin for the design of columns: 

^mm=5^+^, subject to a minimum of 

2 cm. 
where 

/ is the unsupported length of the column 
{see 24 J. 3 of the Code for definition of 
unsupported length), and 

D is the lateial dimension of the column 
in the direction under consideration. 

After determining the eccentricity, the section 
should be designed for combined axial load 
and bending (see 3.2). However, as a simplifi- 
cation, when the value of the minimum 
eccentricity calculated as above is less than or 
equal to OQSD, 38.3 of the Code permits 
the design of short axially loaded compression 
membeis by the following equation: 

p^=0'4/ck Ac {-0-67 fy Asc 

where 

Pu is the axial load (ultimate), 
Ac is the area of concrete, and 
Aic is the aiea of reinforcement. 



The above equation can be written as 
P„ - 0-4/.. (^.-^)+ 0-67/, -f^ 

where 

Ag is the gross area of cross section, and 
p is the percentage of reinforcement. 

Dividing both sides by Ag, 



^^ = 0-4/. 



'^^ ( ^ - loo) 



+ 0-67/y 
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lower sections would eliminate the need for 
any calculation. This is particularly useful 
as an aid for deciding the sizes of columns 
at the preliminary design stage of multi-' 
storeyed buildings. 

Example 5 Axially Loaded Column 

Determine the cross section and the 
reinforcement required for an axially loaded 
column with the following data: 



= 0-4 /,k + i^(0-67/y - 0-4/ck) 

Charts 24 to 26 can be used for designing 
short columns in accordance with the above 
equations. In the lower section of these 
charts, Pu/^8 has been plotted against 
leinforcement percentage p for different 
grades of concrete. If the cross section of 
the column is known, PuM* can be calculated 
and the reinforcement percentage read from 
the chart. In the upper section of the charts, 
PajAg is plotted against Pa for various values 
of Ag. The combined use of the upper and 



Factored load 


3 000kN 


Concrete grade 


M20 


Characteristic strength of 


415 N/ram« 


reinforcement 




Unsupported length of 


30 m 


column 





The cross-sectional dimensions required will 
depend on the percentage of reinforcement. 
Assuming 10 percent reinforcement and 
referring to Chart 25, 

Required cross-sectional area of column, 

Ag =. 2 700 cm^ 
Provide a section of 60 X 45 cm. 



Area of reinforcement, A^ 



10 X ^^ -^-^ 
^"^ 100 

27 cm« 



We have to check whether the minimum 
eccentricity to be considered is within 0*05 
times the lateral dimensions of the column. 
In the direction of longer dimension, 

_/_ 
^*"'" " 500 

30x10= ^ 60 
30 
=1 0-043 



^ 30 



4- 



500 
or, CiaiajD =■ 2- 6/60 



0-6r20-2-6cm 



In the direction of the shorter dimension, 

0-6-1- 1'5 



30 X 10' 45 
500 "^30 



= 21 cm 
or, emiaib = 2*1/45 ■ 



0047 



The minimum eccentricity ratio is less than 
005 in both directions. Hence the design of 
the section by the simplified method of 38.3 
of the Code is valid. 



3.2 COMBINED AXIAL LOAD AND 
UNIAXIAL BENDING 

As already mentioned in 3.1, all com- 
pression members should be designed for 
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minimum eccentricity of load. It should 
always be ensured that the section is designed 
for a moment which is not less than that due 
to the prescribed minimum eccentricity. 

3.2.1 Assumptioiki — Assumptions (a), (c), 
(d) and (e) for fiexural members (see 2.1) 
are also applicable to members subjected 
to combined axial load and bending. The 
assumption (b) that the maximum strain 
in concrete at the outermost compression 
fibre is 0*003 5 is also ^tpUcable when the 
neutral axis lies within the section and in the 
limiting case when the neutral axis lies along 
one edge of the section; in tho latter case 
the strain varies from 0*003 5 at tl» highly 




compressed edge to zero at the opposite 
ed^. For purely axial' compression, the 
strain is assumed to be umformly equal 
td 0-002 across the section [see 5a.i(a) of the 
Code]. The strain distribution lines for these 
two cases intersect each other at a depth of 

-Tp-from the highly compressed edge. This 

point is assumed to act as a fulcrum for the 
strain distribution line when the neutral 
axis Ues outside the section {see Fig. 7). This 
leads to the assumption that the strain at 
tho highly compressed edge is 0-003 5 minus 
0*75 times the striun at the least compressed 
edge [see 38.1(h) of the Code]. 



^d' 



CENTRODAL AXIS 



HIGHLY COMPRESSED 
EDOE 



ah ROW OF REINFORCEMENT 



STRAIN DIAGRAMS 




003S 



Ntutrof axis 
within th* stction 



3D/7-*-| 

^^0-0035 




0*002 Neutral axis 

outsidt th« section 
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Fig. 7 Combined A3£Ial Load and Uniaxial Bending 

design aids for reinforced concrete 



3.2J Stress Block Parameters When the 
Neutral Axis Lies Outeide the Section — When 
the neutral axis lies outside the section^ 
the shape of the stress block will be as indi- 
cated in Fig. 8. The stress is uniformly 

3D 
0*446 yik for a distance of — = from the highly 

compressed edge because the strain is more 
than 0*002 and thereafter the stress diagram 
is parabolic. 



ni . . i 
1 * 

j • • • • 

^ n • 



rO-002 




STRAm DIAGRAM 



6TRESS OIAORAM 



FIG. 8 Stress Block when the Neutral 
Axis Libs Outside the Section 



Let Xa — > kD and let g be the difference 
between the stre^ at the highly compressed 
edge and the stress at the least compressed 
edge. Considering the geometric properties 
of a parabola. 



g - 0-446/ck 



L*"-tO 



- 0-446/* (.-jlj)' 



Area of stress block 

- 0-446/ck 2) --i-^Z) 
-0.446/.kZ)[l-^(^y] 

The centroid of the stress block will be 
found by taking moments about the highly 
compressed edge. 

Moment about the highly compressed edge 
= 0-446/ckZ)(|-)-^^/) 



The position of the centroid is obtained by 
dividmg the moment by the area. For differ- 
ent values of k^ the area of stress block and 
the position of its centroid are given in 
Table H. 



TABLE H STRESS BLOCK PARAMETERS 

WHEN THE NEUTRAL AXIS LIES OUTSIDE 

THE SECnON 

{Clmue 3.2.2) 



it- 



D 



Area of Stress 
Block 



(1) 

100 
1-05 
110 
1-20 
1-30 
1-40 
1-50 
200 
2-50 
3-00 
400 



(2) 



0'3$l/ck 
0-374/ck 
0-384 /ck 
0-399 /ek 
0-409 Ak 
0-417 yek 
0-422 /ck D 
0-43SAk D 
0-440/ck D 
0-442/ck D 
0-444 /ck D 



DlSIANCB OF OBNTROID 

FR(M<HiaHLY 

COMFRBSSBD EdqB 

(3) 

0-416 D 
0-432 i> 
0-443 i) 
0-458 D 
0-468 /> 
0-475 D 
0480D 
0-491 Z> 
0.495 D 
0-497 D 
0-499 X) 



NoTB— Values of stress block parameters have 
been tabulated for values of A; up to 4*00 for informa* 
tion only. For construction of interaction diagrams 
it is generally adequate to consider values of k up to 
about 1-2. 



3J.3 Construction of Interaction Diagram — 
Design chuts for combined axial compression 
and bending are given in the form of inter- 
action diagrams in which curves for PJbDft^ 
versus MvJbLfl fat are plotted for different 
values of p/fck* where p is the reinforcement 
percentage. 
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3.2.3,1 For the case of purely axial com- 
pression, the points plotted on the >^axi5 
of the charts are obtained as follows: 

Pu= 0-446 Ubd + ^ (/«, _ 0-446 /ck) 

where 

fic is the compressive stress in steel corres- 
ponding to a strain of 0-002. 

The second term within parenthesis repre- 
sents the deduction for the concrete replaced 
by the reinforcement bars. This term is 
usually neglected for convenience. However, 
as a better approximation, a constant value 
corresponding to concrete grade M20 has 
been used in the present work, so that the 
error is negligibly small over me range of 
concrete mixes normally used. An accurate 
consideration of this term will necessitate 
the preparation of separate Charts for each 
grade of concrete, which is not considered 
worthwhile. 

3JJ.2 When bending moments are also 
acting in addition to axial load, the points 
for plotting the Charts are obtained by 
assuming different positions of neutral axis. 
For each position of neutral axis, the strain 
distribution across the section and the 
stress block parameters are determined as 
explained earlier. The stresses in the rein- 
forcement are also calculated from the 
known strains. Thereafter the resultant axial 
force and the moment about the centroid 
of the section are calculated as follows: 

a) When the neutral axis lies outside the 
section 

n 
/«1 



where 
Pi 

u 

n 



coefficient for the area of stress 
block to be taken from Table H 
(see 3 J. 2); 

rk where A%i is the area of rein- 
forcement in the ith row; 

stress in the ith row of reinforce- 
ment, compression being positive 
and tension being negative; 
stress in concrete at the level of 
the Ith row of reinforcement; and 
number of rows of reinforcement. 



The above expression can be written as 
n 



7ck 



-^ - Q + 2 ioot: ^*^-f^^ 



1=1 



Taking moment of the forces about the 
centroid of the section. 



+ S 



PibD 
100 



(/si - fci)yi 



where 



CjD is the distance of the centroid of the 
concrete stress block, measured from 
the highly compressed edge; and 

>'i is the distance from the centroid of the 
section to the ith row of reinforce- 
ment; positive towards the highly 
compressed edge and negative to- 
wards the least compiessed edge. 

Dividing both sides of the equation by 
/ck bD\ 






,3=Ci(0-5-CJ 



+ 



1 = 1 



b) When the neutral axis lies within the 
section 

In this case, the stress block parameters 
are simpler and they can be directly incorpora- 
ted into the expressions which are otherwise 
same as for the earlier case. Thus we get the 
following expressions: 



i-l 
-0-36 A: (0-5- 0-416 Jk) 
n 

i-l 



UbD 

Ma 



where 



Depth of neutral axis 
D 
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An approximation is made for the value 
of/ei for M20, as in the case of 3.2.3.1. For 
circular sections the procedure is same as 
above, except that the stress block para- 
meters given earlier are not applicable; 
hence the section is divided into strips and 
summation is done for determining the 
forces and moments due to the stresses in 
concrete. 

3.2.3.3 Charts for compression with bending — 
Charts for rectangular sections have been 
given for reinforcement on two sides {Charts 
27 to 3S) and for reinforcement on four 
sides {Charts 39 to 50\ The Charts for the 
latter case have been prepared for a section 
with 20 bars equally distributed on all sides, 
but they can be used without significant 
error for any other number of bars (greater 
than 8) provided the bars are distributed 
equally on the four sides. The Charts for 
circular section (Charts 51 to 62) have been 
prepared for a section with 8 bars, but they 
can generally be used for sections with any 
number of bars but not less than 6. Charts 
have been given for three grades of steel 
and four values of d'/D for each case men- 
tioned above. 

The dotted lines in these charts indicate 
the stress in the bars nearest to the tension 
face of the member. The line for ^t = 
indicates that the neutral axis lies along the 
outermost row of reinforcement. For points 
lying above this line on the Chart, all the 
bars in the section will be in compression. 
The line for /st ^fyd indicates that the 
outermost tension reinforcement reaches the 
design yield strength. For points below this 
line, the outermost tension reinforcement 
undergoes inelastic deformation while succes- 
sive inner rows may reach a stress of /yd. 
It should be noted that all these stress values 
are at the failure condition corresponding 
to the limit state of collapse and not at work- 
ing loads. 

3.2.3.4 Charts for tension with bending — 
These Charts are extensions of the Charts 
for compression with bending. Points for 
plotting these Charts are obtained by assum- 
ing low values of k in the expressions given 
earlier. For the case of purely axial tension. 



pbD 
100 



Pu 



(0-87/y) 
(0-87/y) 



/ck bD 100/ct 

Charts 66 to 75 are given for rectangular 
sections with reinforcement on two sides 
and Charts 76 to 85 are for reinforcement 
on four sides. It should be noted that these 
charts are meant for strength calculations 



only; they do not take into account crack 
control which may be important for tension 
members. 

Example 6 Square Column with Uniaxial 
Bending 

Determine the reinforcement to be provided 
in a square column subjected to uniaxial 
bending, with the following data: 



Size of column 
Concrete mix 
Characteristic strength of 

reinforcement 
Factored load 

(characteristic load 

multiplied by yr) 
Factored moment 
Arrangement of 

reinforcement: (a) On two sides 
(b) On four sides 



45 X 45 cm 

M25 

415 N/mm« 

2 500kN 



200 kN.m 



(Assume moment due to minimum eccentri- 
city to be less than the actual moment). 

Assuming 25 mm bars with 40 mm cover, 
J' = 40 + 12-5 - 52-5 mm = 5-25 cm 
d'/D = 5-25/45 = 0-12 

Charts for d'/D = 0'15 will be used 

Pu 2 500 X I0» 



/ck bD 25 X 45 X 45 X 10^ 
M^ 200 X lO'^ 



= 0-494 



= 0088 



/c kbD' 25x45x45x45x103 

a) Reinforcement on two sides, 

Referring to Chart 33, 
W/ck = 009 
Percentage of reinforcement, 
p = 0-09 X 25 = 2-25 
A,=-pbD/lOO = 2-25 x 45 x 45/100 
= 45-56 cm^ 

b) Reinforcement on four sides 
from Chart 45, 

/j//ck = 0-10 

p-^O'lO x 25 = 2-5 
A, = 2-5 X 45 X 45/100 = 50-63 cm'- 



Example 7 Circular Column with Uniaxial 
Bending 

Determine the reinforcement to be pro- 
vided in a circular column with the following 
data: 

Diameter of column 50 cm 
Grade of concrete M 20 

Characteristic strength 250 N/mm* for 
of reinforcement bars up to 

20 mm^ 
240 N/mm2 for 
bars over 
20 mm ^ 
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Factored load 1 600 kN 

Factored moment 125 kN.m 

Lateral reinforcement : 

(a) Hoop reinforcement 

(b) Helical reinforcement 

(Assume moment due to minimum eccentri- 
city to be less than the actual moment). 

Assuming 25 mm bars with 40 mm cover, 
rf' = 40 X 12-5 = 52-5 mm = 525 cm 
d'}D - 5-25/50 = 0-105 

Charts for d'jD = 010 will be used. 

(a) Column with hoop reinforcement 

Pu I 600 X 10' 



20 X 50 X 50 X 10« 
125 X 10« 



- 0-32 



/ck2>* 

/ck D" " 20 X 50 X 50 X 50 X 10^ 



005 



Referring to Chart 52, for/y — 250 N/mm* 

;,//,j,=.0-87 

;; = 0*87 x 20 = 1-74 
At =prrI>V400 

«= 1-74 X JT X 50 X 50/400- 34-16 cm^* 

For/y - 240 N/mm^ 

^s = 34-16 X 250/240 = 35-58 cm* 

(b) Column with Helical Reinforcement 

According to 38.4 of the Code, the strength 
of a compression member with helical re- 
inforcement is 105 times the strength of a 
similar member with lateral ties. Therefore, 
the given load and moment should be divided 
by 105 before referring to the chart. 




0-32 
105 
0-05 
1-05 



= 0-305 



= 0-048 



From Chart 52, for fy = 250 N/mmS 
Plfc^ = 0-078 

p = 0078 X 20 -= 1-56 
y4s ■= 1-56 X TT X 50 X 50/400 
c= 30-63 cm2 
For/y = 240N/mm«, A, = 30-63 x 250/240 
= 31-91 cm* 

According to 38.4.1 of the Code the ratio 
of the volume of helical reinforcement to the 
volume of the core shall not be less than 
0-36 (AjAc — 1) /ck //y where Ag is the 
gross area of the section and Ac is the area 
of the core measured to the outside diameter 
of the helix. Assuming 8 mm dia bars for the 
helix, 



Core diameter = 50-2 (40 — 08) 

■« 43'6 cm 
^,/^c-50V43-6* = 1-315 
0-36 (AJAc - l)/W/y 

- 0-36 X 0-315 X 20/250 

= 00091 

Volume of helical reinforcement 



Volume of core 
_ Aa,n .(42-8) 

~(43-6*)jh 



009 A^ 

Sb 



where, Ash is the area of the. bar forming 
the helix and Sb is the pitch of the helix. 
In order to satisfy the codal requirement, 

0-09 ^sh/Ji,> 00091 

For 8 mm dia bar, ^sh = 0-503 cm* 

0-09 X 0-503 



Sh < 



0-0091 
< 4-97 cm 



3.3 COMPRESSION MEMBERS 
JECT TO BIAXIAL BENDING 



SUB- 



Exact design of members subject to axial 
load and biaxial bending is extremely 
laborious. Therefore, the Code permits the 
design of such members by the following 
equation : 






OCn 



-I" 



\MuyJ 



< 10 



vhere 



Mux, May are the moments about x and y 
axes respectively due to design loads, 

A/uii, Muyi are the maximum uniaxial 
moment capacities with an axial load 
Fu, bending about x and y axes res- 
pectively, and 

OCn is an exponent whose value depends on 
Pu/Puz {see table below) where 
Puz = 0-45 /ek Ac -f- 0-75 /y A,: 



Pu/Pu: 

<0-2 
>0-8 



OCn 
10 

20 



For intermediate values, linear interpo- 
lation may be done. Chart 63 can be used 
for evaluating Paz. 

For different values of PofPaz, the appro- 
priate value of OCn has been taken and curves 
for the equation 



\0Cn 



+ 



plotted in Chart 64 



Muy \0Cn 
Muyi) 



1-0 have been 
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Example 8 Rectangular Column with Biaxial 
Bending 

Determine the reinforoement to be pro- 
vided in a short column subjected to biaxial 
bendmg, with the following data: 

Size of column 40 x 60 cm 

Concrete mix M15 

Characteristic strength 41 S N/mm* 

of reinforcement 
Factored load, Pa 1 600 kN 

Factored moment acting 120 kN 

parallel to the larger 

dimension, Mm 
Factored moment acting 90 kN 

parallel to the shorter 

dimension, May 

Moments due to minimum eccentricity are 
less than the values given above. 

Reinforcement is distributed equally on 
four sides. 

As a first trial assume the reinforcement 
percentage, p=l'2 

p//ck-= 1-2/15 -0-08 

Uniaxial moment capacity of the section 
about jcjc-axis: 

d'lD - ^ - 0-087 5 
Chart for d'JD = 01 will be used. 

p If hn 1 600 X 10» _ ^^ 

^''/•^"' *^ " 15 X 40 X 60 X 10« - ^ ^ 

Referring to Chart 44, 

ATuZ/ck bD^ =- 009 

.'. M„x, - 009 X 15 X 40 X 60« xlO'/lO* 

- 194-4 kN.m 

Uniaxial moment capacity of the section 
about ^'^h-axis: 

d'jD^^^^O'm 

Chart for d'jD — 0*15 will be used. 

Referring to Chart 45, 
Mu/fck bD* -= 0-083 

;. 3fuy, -0083 X 15 X 60 x40«Xl0VI0« 

- 119-52 kN.m 

Calculation of Puz: 

Referring to Chart 63 corresponding to 
p - 1-2,/y = 415 and/ck » 15, 

^"-= J0-3N/mm« 



A^ 



10-3 At - 10-3 X 40 X 60 X 
10VI0» kN 
- 2 472 kN 



Pn 1600 

M„ 120 

Af«i ■* m^ 



-0-647 
- 0-617 



Referring to Chart 64t tbe permissible vahw 

of xs^ corresponding to the above values 
■™«pti 



of 



^^^^and 5^ is equal to 0-58. 



M, 



■71 



The actual value of 0-617 is only sligjbitly 
higher than the value read from the Chart. 
This can be made up by slight increase in 
reinforcement. 

. 1-2 X 40 X 60 «„ g , 
At -=s jTSjjff ■■ zo-0 cm" 

12 bars of 18 mm will give ^4.— 30*53 cm* 
Reinforoement percentage provided, 

30-53 X 100 - „ 
P - 60x40 ^"^^ 

With this percentage, the section may be 
rechecked as follows: 

/,//ck- 1-27/15 -0-084 7 

Referring to Chart 44, 

^^ « 0095 

.-. ^«i - 0095 X 15 X 40x60»xl0Vl0« 
- 205-2 kN.m 

Referring to Chart 45 

Af„ 



/ck bD* 



- 0085 



0085 X 15 X 60 X 40« X lOVlO* 
- 122-4 kN.m 
Referring to Chart 63, 

~ - 10-4 N/mm2 

Puz - 10-4 X 60 X 40 X lOVlO' 
- 2 496 kN 

Pu/Puz- J4??- 0-641 



MaxjMvxi 
Muy/Mnji 



2 496 

120 



205.2 
90 



-0-585 



- 0-735 



122-4 

Referring to Chart 64, 
Corresponding to the above values of 

Azuy J Pm 



Ma 



and p— , the permissible value of 



luyi P\ 

Mux - n £ 
-YT^ is 0-6. 

Hence the section is O.K. 
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3.4 SLENDER COMPRESSION 
MEMBERS 

When the slenderness ratio -^ or -r 



of 



a compression member exceeds 12, it is 
considered to be a slender compression 
member (see 24.1.2 of the Code); /a and /ey 
being the effective lengths with respect to 
the major axis and minor axis respectively. 
When a compression member is slender with 
respect to the major; axis, an additional 
moment Mn. given by the following equation 
(modified as indicated later) should be 
taken into account in the design {see 38.7.1 
of the Code): 



M„ - 



2000 



{¥)' 



Similarly, if the column is slender about the 
minor axis an additional moment M^y should 
be considered. 



' 2 000\a/ 



000 y b 

The expressions for the additional moments 
can be written in the form of eccentricities 
of load, as follows: 



Mm 

where 



"d C«x 



ea 



2006V ^ / 

D ■" 2 000 V Z) / 

Table I gives the values 7^ «» j, 
different values of slenderness ratio. 



en 



or 



6r»y 



for 



TABLE I ADDITIONAL ECCENTRICITY FOR 
SLENDER COMPRESSION MEMBERS 



or 

(4) 

0-313 
0-450 
0-613 
0-800 
1013 
1-250 
1-513 
1-800 





(Clause 3.4) 


lexJD 


f,JD 


UD 


or 


or 


or 


Icylb 


eay/6 


hib 


(1) 


(2) 


(3) 


12 


0-072 


25 


13 


0085 


30 


14 


0-098 


35 


15 


0113 


40 


16 


0-128 


45 


17 


0-145 


50 


18 


0162 


55 


19 


0181 


60 


20 


0-200 





In accordance with 38.7.1.1 of the Code, 
the additional moments may be reduced by 
the multiplying factor k given below: 



Pb 



I 



where 



p„j = 0-45 /ck Ac -^ 0*75 /y A,y which 
may be obtained from Chart 63, and A is the 
axial load corresponding to the condition of 
maximum compressive strain of 0"003 5 
in concrete and tensile strain of 0002 in 
outermost layer of tension steel. 

Though this modification is optional ac- 
cording to the Code, it should always be 
taken advantage of, since the value of k 
could be substantially less than unity. 

llie value of Pb will depend on anangement 
of reinforcement and the cover ratio d'JD, 
in addition to the grades of concrete and 
steel. The values of the coefficients required 
for evaluating Pb for various cases are given 
in Table 60. The values given in Table 60 
are based on the same assumptions as for 
members with axial load and uniaxial bending. 

The expression for k can be written as 
follows: 



1 - Puiru 
1 - Pb/Pa 



<1 



Chart 65 can be used for finding the ratio 
of k after calculating the ratios PuJPm and 

PblPuz. 



Example 9 Slender Column (with biaxial 
bending) 

Determine the reinforcement required for 
a column which is restrained against sway, 
with the following data: 



Size of column 

Concrete grade 

Characteristic strength 
of reinforcement 

Effective length for 
bending parallel to 
larger dimension, /ex 

Effective length for 
bending parallel to 
shorter <Umension, Uy 

Unsupported lengtl^ 

Factored load 

Factored moment in the 
direction of larger 
dimension 



40 X 30 cm 

M30 

415 N/mm« 

6-0 m 
50 m 



70 m 

1 500 kN 

40 kN.m at top 

and 22-5 kN.m 

at bottom 
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DESIGN AIDS FOR REINFORCED CONCRETE 



Factored moment in the 30 kN.m at top 
direction of shorter and .20 kN.m 
dimension at bottom 

The column is bent in double curvature. 
Reinforcement will be distributed equally 
on four sides. 



k 



b 



6-0 X 100 

40 
5-0 X 100 

30 



= 150 > 12 
= 16'7 > 12 



Therefore the column is slender about 
both the axes. 
From Table I, 



For 



D 



15, ^x/i)- 0-113 



For % - 16-7, Cylb = 0-140 



Additional moments: 



40 



M^ = P„?x = 1 500 xO-1 13 X ^ =67-8kN.m 

lUU 
1 500x014x^^=630 kN.m 



May = Pu^y 



The above moments will have to be reduced 
in accordance with 38.7.1.1 of the Code; 
but multiplication factors can be evaluated 
only if the reinforcement is known. 

For first trial, assume /> ■=»= 3*0 (with reinforce- 
ment equally on all the four sides). 

^, = 40 x 30 == 1 200 cm" 

From Chart 63, PuzIA, = 22*5 N/mm" 

.-. Puz = 22-5 x 1 200 x lOVlO" =2 700 kN 

Calculation of Pbt 

Assuming 25 mm dia bars with 40 mm cover 

5'25 
d'jD (about xx-axis) = -^^ = 013 

Chart or Table for d'ld « 015 will be 
used. 



d'jD (about >'>'-axis) 



5-25 
30 



= 0-17 



Chart or Table for d'jd = 0*20 will be 
used. 

From Table 60, 
Pb (about jcjc-axis) ~ (ki -^ k, j- jf^kbD 

Pbx = (0196+ 0-203 x ~) 

X 30 X 30 x 40 X 10*/103 
= -779 kN 



Pb (about >'>'-axis) = (oi84 -f ^^^^) 



Pby - 672 kN 

"\xz — "u 



:. k. 



ftv ^^ 



P«z - 


Pbx 


0-625 




Puz- 


-Pu 



Puz — Pby 

0-592 



X 40 X 30 X 30 

X iovio» 

2700-1500 
" 2 700 - 779 



2 700 - 1 500 

2 700 - 672 



The additional moments calculated earlier, 
will now be multiplied by the above values 
ofAr. 

Af« = 67-8 X 0-625 = 42-4 kN.m 
M., « 630 X 0-592 - 37-3 kN.m 

The additional moments due to slenderness 
effects should be added to the initial moments 
after modifying the initial moments as 
follows {see Note 1 under 38.7.1 of the Code): 

Arux=-(0-6 X 40 - 0-4 X 22-5) = 150 kN.m 
Af„y= (0-6 X 30 - 0-4 X 20) = 100 kN.m 

The above actual moments should be com- 
pared with those calculated from minimum 
eccentricity consideration {see 24.4 of the 
Code) and greater value is to be taken as the 
initial moment for adding the additional 
moments. 



" ~ 500 ^ 30 



700 , 40 .„, 
500 +30==^'^^"°^ 



, b _700,30_». 
^''- 500 "^30 "500"^30~^'^°' 

Both ex and ey are greater than 20 cm. 

Moments due to minimum eccentricity: 

2-73 



Afux = 1 500 X 



100 



410 kN.m 
> 15-0 kN.m 



M, 



2-4 



uy 



1 500 X ^ =. 360 kN.m 
> 10-0 kN.m 



.'. Total moments for which the column 
is to be designed are: 

3fux = 410 + 42-4 = 83-4 kN.m 
jl/„y = 36-0 + 37-3 - 73-3 kN.m 

The section is to be checked for biaxial 
bending. 

1 500 X 10» 



PulUbD 



30 X 30 x40 X 10* 
= 0-417 
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/'//ck 



30 
30 



= 010 






Referring to Chart 45 (d'jD = 0-15), 
Mu//ck 6i)2 = 0-104 

.*. ^uxi =» 0104 X30x30x40x40x 
10V10« 

- 149-8 kN.m 

Referring to Chart 46 (d'/D — 0*20), 
M„//cic bD^ = 0096 



uyi 



F-afPxxz =■ 



73-3 
103-7 

1500 
2 700 



= 0-71 



056 



Mu 



Afu 



0096 X 30 X 40 X 30' X 30 X 
lOVIO* 

. 103-7 kN.m 

83-4 



Referring to Chart 64, the maximum allow- 
able value of Mix/ Afuxi corresponding to the 
above values of Muy/Muyi and Pu/Pmz is 0-58 
which is slightly higher than the actual value 
of 056. The assumed reinforcement of 3*0 
percent is therefore satisfactory. 



ATu 



149-8 



0=0-56 



As=pbD/lOO 
«= 360 cm" 



30 X 30 X 40/100 
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Chlft 27 C0MP8ESSI0N WII>1BEN|]iniG-R£CtailSUlar 
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a OS OlO n 15 20 



0-25 



Q.3{J 



111 



DESrOM AilK RW HBSJFOFlCEn COtfCPETI 



Chert 2S COMPRESSION WITH BEN DliyG - Rect^ngvlar 
Stt\m - Rsmfarcein^ni Distributed Equally on Thvo Sides 
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SHtieii — Aemfprcemenl Distributed EquaUynB Fom Sides 
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Chart 64 BIAXIAL BENDING IN COMPRESSION MEMBERS 
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Chart 65 SLENDER COMPRESSION MEMBERS • 
Multiplying Factor k for Additional Moments 
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TABLE 60 SLENDER OOMPRESSION MEMBERS— VALUES OF A 



RKtaofular Sections: 



Cireular Sections: 

J\1/aD* - *i + kiPtftt 



Valaesofiiri 



Sectkm 

Rectantular 
Circular 







tfiD 






(H)5 


0-10 




0-15 


0-20 


0-219 


0-207 




0-196 


0-184 


0-172 


0-160 




0-149 


0-138 



Values of kg 



Seetton 


N/mm* 




if ID 








0-05 


0-10 


0-15 


fr20 


Rectangular; equal rdnforoement on 
two opposite sides 


250 
415 
500 


-0H)45 
0-096 
0-213 


-0-045 
0^)62 
0-173 


-0-045 
0O46 
0-104 


-OrOiS 

-0^tt2 
-0-001 


Rectangular; equal reinforcement on 
four sides 


250 
415 
500 


0-215 
0-424 
0-545 


0-146 
0-328 
0-425 


0-061 
0-203 
0-256 


-0-011 
0O28 
0<MO 


Qrcolai 


250 
415 
500 


0-193 
0-410 
0-543 


0-148 
0-323 
0-443 


0<r77 
0-201 
0-291 


-0<ttO 
0K)36 
0-056 
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4. SHEAR AND TORSION 



4.1 DESIGN SHEAR STRENGTH 
CONCRETE 



OF 



The design shear strength of concrete is 
given in Table 13 of the Code. The values 
given in the Code are based on the following 
equation: 



where 



0-85 V0 8/cic (Vl+Sp-1) 
6^ 



p =0-8 fck/6-89A, but not less than 1-0, 
andpt= \^ Anjb^. 

The value of tc corresponding to px varying 
from 0-20 to 300 at intervals of 010 are given 
in Table 61 for different grades of concrete. 

4.2 NOMINAL SHEAR STRESS 

The nominal shear stress Tv is calculated 
by the following equation: 



where 



bd 



Vu is the shear force. 



When Tv exceeds tc, shear reinforcement 
should be provided for carrying a shear 
equal to Va— xc bd. The shear stress rv should 
not in any case exceed the values of Tc,m»x, 
given in Table J. (If tv> te,max, the section 
is to be redesigned.) 



TABLE J MAXIMUM SHEAR STRESS «,mta 
Concrete Grade Ml 5 M20 M25 M30 M35 M40 
tc, m«x, N/mm« 2-5 2-8 Vl 35 3-7 40 

4.3 SHEAR REINFORCEMENT 

The design shear strength of vertical 
stirrups is given by the following ^uation: 



Fu. = 



0S7fyA,yd 



Sv 



where 

Atv is the total cross sectional area of 

the vertical legs of the stirrups, and 

Sv is the spacing (pitch) of the stirrups. 

The shear strength expressed as Kus/^are given 
in Table 62 for different diameters and 
spaciflgs of stirrups, for two grades of steel. 



For a series of inclined stirrups, the value 
of Fus/J for vertical stirrups should be 
multiplied by (since + cosoc) where oc is 
the angle between the inclined stirrups and 
the axis of the member. The multiplying 
factor works out to 1-41 and 1-37 for 45" 
and 60° angles respectively. 

For a bent up bar, 
Vm = 0'87/y Av sincx: 

Values of Fu» for different sizes of bars, 
bent up at 45" and 60" to the axis of the 
member are given in Table 63 for two grades 
of steel. 



4.4 TORSION 

Separate Charts or Tables are not given 
for torsion. The method of design for torsion 
is based on the calculation of an equivalent 
shear force and an equivalent bending 
moment. After determining these, some of 
the Charts and Tables for shear and flexure 
can be used. The method of design for 
torsion is illustrated in Example 11. 



Example 10 Shear 

Determine the shear reinforcement (vertical 
stirrups) require^ for a beam section with 
the following data: 

Beam size 30 x 60 cm 

Depth of beam 60 cm 

Concrete grade M 15 

Characteristic strength 250 N/mm' 

of stirrup reinforcement 
Tensile reinforcement 0*8 

percentage 
Factored shear force, Va 180 kN 

Assuming 25 mm dia bars with 25 mm cover, 

rf=» 60 -2^ -2.5 = 56-25 cm 

Shear stress, tv = ;^ °30x 5625x10' 
= l-07N/mm2 

From Table J for Ml 5, Te,m«x -= 2-5 N/mm^ 
Tv is less than -rc,m« 

From Table 61, for P,=0-8, Te=0-55 N/mm* 

Shear capacity of concrete section = tc bd 
= 0-55 X 30 X 56-25 X 102/103=92-8 kN 
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Shear to be carried by stirrups, Vm'= F, tcM 
= 180 -92-8 = 87-2 kN 

V... 87-2 

-^= -, -? = 1*55 kN/cm 
d 56-25 ' 

Referring to Table 62, for steel /y =250 N/mm*. 
Provide 8 mm diameter two legged vertical 
stirrups at 14 cm spacing. 



Example 11 Torsion 

Determine the reinforcements required for 
a rectangular beam section with the following 
data: 



Size of the beam 


30 X 60 cm 


Concrete grade 


M J5 


Characteristic strength 


41 5 N/mm* 


of steel 




Factored shear force 


95 kN 


Factored torsional 


45 kN.ra 


moment 




Factored bending moment 


115kN.m 



Assuming 25 mm dia bars with 25 mm cover, 
J = 60 - 2-5 - ^ = 56-25 cm 

Equivalent shear, 
Fc = K4- 1-6 



(i) 



45 



=95-f i-6x ^ - 95+240 = 335 kN 

Equivalent shear stress. 

Vt 335 X 10» , on XT/ 2 

'- = bd- 30x56-25x10^ = ' '^ ^^"^™ 
From Table J, for Ml 5, Tc,m.x = 2-5 N/mm* 

Tve is less than Tcmw; hence the section does 
not require revision. 

From Table 61, for an assumed value of 
Pi = 0-5. 

Tc = 0-46 N/mm* < Tve. 

Hence longitudinal and transverse reinforce- 
ments are to be designed Longitudinal 
reinforcement {see 40.4.2 of the Code): 
Equivalent bending moment, 

Tu (1 + Djb) 



3/u-f 



1-7 



,15 + 45(14- -|-)/l 7 



Mej/W = 



= 115 + 79-4 
= 194-4 kN.m 
194-4 X 10« 



30 X (56-25)« X 103 



2 05 N/mm* 



Referring to Table J, corresponding to 
M^,^bd* « 2 05 

/>, «= 0-708 

A,t = 0-708 X 30 X 56-25/100 « 11-95 cm* 

Provide 4 bars of 20 mm dia (Att= 1256 cm*) 
on the flexural tensile face. As Mt is less 
than Ma, we need not consider Met according 
to 40.4.2.1 of the Code. Therefore, provide 
only two bars of 12 ram dia on the compres- 
sion face, one bar being at each corner. 

As the depth of the beam is more than 
45 cm, side face reinforcement of 5 percent 
on each side is to be "rovided ^sss 25,5.1,7 
and 25.5.1.3 of the Code). Providing one 
bar at the middle of each side, 



Spacing of bar 

Area required for each bars= 



53-4/2 =26-7 cm 

005x30x26-7 



100 
0-40 cm* 



Provide one bar of 12 ram dia on each side, 
iransverse reinforcement {see 40.4.3 of the 
Code): 

Area of two legs of the stirrup should satisfy 
the following: 

*" " 57^(0- 877^ 2-5^1 (0-87/,) 



^20 mm <fi^ 



y^Mcm 



■30 cm 



j-i — b.=23cm-^ /" 



^ STIRRUP 



-25 mm 



-12 mm 






i*- — x,a26 cm — ^ 



■PLEXURAL 

TENSION 
FACE 



60 



d, S53-4 
cm 
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Assuming diameter of stirrups as 10 mm 
«f, = 60 - (2-5 + 10)-(2-5+0-5)-53-4 cm 
fti - 30 - 2(2-5 + 1-0) « 23 cm 
^.v(0-87/y)_ 45x10* 
Sy 23 X 53*4 X 10« 

95 X 10' 

» 437-6 N/mm 
- 4-38 kN/cm 

Area of all the legs of the stirrup should 
satisfy the condition that A,y(Si, should not 

be less than ^-^-iff^ 

From TfAle 6U for tensile reinforcement 
percentage of 0'71, the value of te is 0*53 
N/mm* 

- (1-99 - 0-53) 
30 X 10 

- 438 N/mm -4-38 kN/cm 



Note — It is (Mdy a coincidence that the values of 
A%y (0-87 A)/5v calculated hy the two equa- 
tions are the sanw. 



Referring Table 62 (for/, - 415 N/mm«). 

Provide 10 mm i two legged stirrups at 
12' 5 cm spacing. 



According to 2S.5.1.7(a) of the Code, the 
spacing of stirrups shall not exceed X|, 
(Xi -f 7])/4 and 300 mm, where x^ and v^ 
are the short and long dimensions of the 
stirrup. 

X, - 30 - 2(2-5 - 0-5) - 26 cm 
Vj =» 60 - 2(2-5 - 0-5) « 56 cm 
(xj. 4- y^/4 - (26 + 56)/4 - 20-5cm 

10 mm 4 two legged stirrups at 12*5 cm 
spacing will satisfy all the codal requirements. 
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'ck 

15 
20 
25 

35 
40 



TABLE 61 SHEAR — DESIGN SHEAR STRENGTH OF CONCRETE, to' N/mm' 



Px 






/ck, N/mm* 










r - 

15 


20 


25 


30 


35 


40 


0-20 


0-32 


0-33 


0-33 


0-33 


0-34 


0-34 


0-30 


0-38 


0-39 


0-39 


0-40 


0-40 


0-41 


0-40 


0-43 


0-44 


0-45 


0-45 


0-46 


0-46 


0-50 


0-46 


0-48 


0-49 


0-50 


0-50 


0-51 


0-60 


0-50 


0-51 


0-53 


0-54 


0-54 


0-55 


0-70 


0-53 


0-55 


0-56 


0-57 


0-58 


0-59 


0-80 


0-55 


0-57 


0-59 


0-60 


0-61 


0-62 


0-90 


0-57 


0-60 


0-62 


0-63 


0-64 


0-65 


100 


0-60 


0-62 


0-64 


0-66 


0-67 


0-68 


110 


0-62 


64 


0-66 


0-68 


0-69 


0-70 


1-20 


0-63 


0-66 


0-69 


070 


0-72 


0-73 


1-30 


065 


0-68 


0-71 


0-72 


0-74 


0-75 


1-40 


0-67 


0-70 


0-72 


0-74 


0-76 


0-77 


1-50 


0-68 


0-72 


0-74 


0-76 


0-78 


0-79 


1-60 


0-69 


0-73 


0-76 


0-78 


0-80 


0-81 


1-70 


0-71 


0-75 


0-77 


0-80 


0-81 


0-83 


1-80 


0-71 


076 


0-79 


0-81 


0-83 


0-85 


1-90 


0-71 


0-77 


0-80 


0-83 


0-85 


0-86 


200 


0-71 


0-79 


0-82 


0-84 


0-86 


0-88 


2-10 


0-71 


0-80 


0-83 


0-86 


0-88 


0-90 


2-20 


0-71 


0-81 


0-84 


0-87 


0-89 


0-91 


2-30 


0-71 


0-82 


0-86 


0-88 


0-91 


0-93 


2-40 


0-71 


0-82 


0-87 


0-90 


0-92 


0-94 


2-50 


0-71 


0-82 


0-8S 


0-91 


0-93 


0-95 


2-60 


0-71 


0-82 


0-89 


0-92 


0-94 


0-97 


2-70 


0-71 


0-82 


0-90 


0-93 


0-96 


0-98 


2-80 


0-71 


0-82 


0-91 


0-94 


0-97 


0-99 


2-90 


0-71 


0-82 


0-92 


0-95 


0-98 


100 


300 


0-71 


0-82 


0-92 


0-96 


0-99 


101 
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TABLE 62 SHEAR — VERTICAL STIRRUPS 



Values of >u,/</ for two legged stirrups, kN/cm. 







/y = 250 N/mm* 






/y = 


415 N/mm« 




Stirrup 




Diameter 


, mm 






Diameter, mm 




Spaono, 
cm 




ji. .. 










A 




6 


8 


10 


12 


6 


8 


10 


■ 1 
12 


5 


2-460 


4-373 


6-833 


9-839 


4083 


7-259 


11-342 


16-334 


6 


2-050 


3-644 


5-694 


8-200 


3-403 


6-049 


9-452 


13-611 


7 


1-757 


3-124 


4-881 


7-028 


2-917 


5185 


8-102 


11-667 


8 


1-537 


2-733 


4-271 


6150 


2-552 


4-537 


7089 


10-208 


9 


1-367 


2-429 


3-796 


5-466 


2-269 


4033 


6-302 


9074 


10 


1-230 


2186 


3-416 


4-920 


2-042 


3-630 


5-671 


8-167 


11 


1-118 


1-988 


3-106 


4*472 


1-856 


3-299 


5156 


7-424 


12 


1025 


1-822 


2-847 


4100 


1-701 


3 025 


4-726 


6-806 


13 


0-946 


1-682 


2-628 


3-784 


1-571 


2-792 


4-363 


6-286 


14 


0-879 


1-562 


2-440 


3-514 


1-458 


2-593 


4051 


5-833 


15 


0-820 


1-458 


2-278 


3-280 


1-361 


2-420 


3-781 


5-445 


16 


0-769 


1-366 


2-135 


3-075 


1-276 


2-269 


3-545 


5-104 


17 


0-723 


1-286 


2010 


2-894 


1-201 


2-135 


3-336 


4-804 


18 


0-683 


1-215 


1-898 


2-733 


1134 


2016 


3-151 


4-537 


19 


0-647 


1151 


1-798 


2-589 


1075 


1-910 


2-985 


4-298 


20 


0-615 


1093 


1-708 


2-460 


1020 


1-815 


2-836 


4083 


25 


0-492 


0-875 


1-367 


1-968 


0-817 


1-452 


2-269 


3-267 


30 


0-410 


0-729 


1-139 


1-640 


0-681 


1-210 


1-890 


2-722 


35 


0-351 


0-625 


0-976 


1^406 


0-583 


1-037 


1-620 


2-333 


40 


0-307 


0-547 


0-854 


1-230 


0-510 


0-907 


1-418 


2-042 


45 


0-273 


0-486 


0-759 


1-093 


0-454 


0-807 


1-260 


1-815 





TABLE 63 SHEAR — BENT-UP BARS 



Values of Kis for singal bar, kN 



Bar 
Diameter, 

mm 


/y = 


= 250 N/mm* 




a«45» 




« = 60" 


10 
12 
16 
18 
20 


12-08 
17-39 
30-92 
3914 
48-32 




14-79 
21-30 
37-87 
47-93 
59-18 


22 
25 
28 
32 
36 


58-46 

75-49 

94-70 

123-69 

156-54 




71-60 

92-46 

115-98 

151-49 

191-73 



fy- 


^ 415 N/mra2 




« = 45° 




« = 60» 


20-05 




24-56 


28-87 




35-36 


51-33 




62-87 


64-97 




79-57 


80-21 




98-23 


9705 




118.86 


125-32 




153.48 


157-20 




192-53 


205-32 




251-47 


259-86 




318-27 



250 
415 



Note — a is the angle between the bent-up bar and the axis of the member. 
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5. DEVELOPMENT LENGTH 
AND ANCHORAGE 

5.1 DEVELOPMENT LENGTH OF 

BARS 
The development length Ld, is given by 

Ld — —j 

4 Tbd 

where 

4> is the diameter of the bar, 

a, is the stress in the bar, and 

Tbd is the design bond stress given in 
25.2.1.1 of the Code. 

The value of the development kfigth 
corresponding to a stress of 0*87 fy in the 
reinforcement, is required for determining 
the maximum permissible bar diameter for 



positive moment reinforcement [see 25.2.3.3(c) 
of the Code] and for determining the length 
of lap splices (see 25.2.5.1 of the Code). 
Values of this development length for diffe- 
rent grades of steel and concrete are given 
in Tables 64 to 66. The tables contain the 
development length values for bars in tension 
as well as compression. 

5.2 ANCHORAGE VALUE OF HOOKS 
AND BENDS 

In the case of bars in tension, a standard 
hook has an anchorage value equivalent to a 
straight length of 16^ and a 90° bend has 
an anchorage value of 8^, The anchorage 
values of standard hooks and bends for 
different bar diameters are given in Table 67. 
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1^3 



250 
415 

15 
20 
25 
30 



TABLE 64 DEVELOPMENT LENGTH FOR FULLY STRESSED PLAIN BARS 

fy = 250 N/mm* for bars up to 20 mm diameter. 
= 240 N/mm» for bars over 20 mm diameter. 



Tabulated values are in centimetres. 







Tension Bars 






Compression Bars 
Grade of Concrete 




Bar 

DfAMPTFR 


Grade 


OF Concrete 




mm 


M15 


M20 


M25 


M30 


M15 


M20 


M25 


M30 


6 

8 

10 

12 


32-6 
43-5 
54-4 
65-3 


27-2 
36-3 
45-3 
54-4 


23-3 
311 
38-8 
46-6 


21-8 
290 
36-3 
43-5 


26-1 
34-8 
43-5 
52-2 


21-8 
29-0 
36-3 
43-5 


18-6 
24-9 
31-1 
37-3 


17-4 
23-2 
290 
34-8 


16 
IS 
20 
22 


870 

97-9 

108-8 

114-8 


72-5 
81-6 
90-6 
95-7 


62-1 
69-9 
77-7 
82-0 


580 
65-3 
72-5 
76-6 


69-6 
78-3 
87-0 
91-9 


580 

65-3 
72-5 
76-6 


49-7 
55-9 
621 
65-6 


46-4 
52-2 
580 
61-2 


25 
28 
32 
36 


130-5 
146-2 
1670 
187-9 


108-8 
I2I-8 
139-2 
156-6 


93-2 
104-4 
119-3 
134-2 


870 

97-4 

11I-4 

125-3 


104-4 
116-9 
133-6 
150-3 


870 

97-4 

111-4 

125-3 


74-6 

83-5 

95-5 

107-4 


69-6 

78-0 

89 1 

100-2 



Note — The development lengths given above are for a stress of 0-87^ in the bar. 



TABLE 65 DEVELOPMENT LENGTH FOR FULLY STRESSED DEFORMED BARS 

/y « 415 N/mm* 
Tabulated values are in centimetres. 







Tension Bars 






Compression Bars 
Grade op Concrete 




Bar 
Diameter, 

mm 


Grade of Concrete 




M15 


M20 


M25 


M30 


M15 


M20 


M25 


M30 


6 

8 

10 

12 


33-8 
45-1 
56-4 
67-7 


28-2 
37-6 
470 
56-4 


24-2 
32-2 
40-3 
48-4 


22-6 
30 1 
37-6 
451 


271 
36-1 
45-1 
54-2 


22-6 
30-1 
37-6 
451 


19-3 
25-8 
32-2 
38-7 


18-1 
24-1 
30-1 
361 


16 
18 
20 
22 


90-3 
101-5 
112-8 
1241 


75-2 

84-6 

940 

103-4 


64-5 
72-5 
80-6 
88-7 


60-2 
67-7 
75-2 
82-7 


72-2 
81-2 
90-3 
99-3 


60-2 
67-7 
75-2 
82-7 


51-6 
580 
64-5 
70-9 


481 
54-2 
60-2 
66-2 


25 
28 
32 
36 


141-0 
158 
180-5 
203-1 


117-5 
131-6 
150-4 
169 3 


100-7 
112-8 
128-9 
1450 


94-0 
105-3 
120-3 
135-4 


112-8 
126-4 
144-4 
162-5 


940 
105-3 
120-3 
135-4 


80-6 

90-3 

103-2 

116*1 


75-2 

84'2 

%-3 

108-3 




Note — ^Thc development lengths given 


above are for a 


stress of 0-87 /Jf 


in the bars. 
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TABLE 66 DEVELOPMENT LENGTH FOR FULLV STRESSED DEFORMED BARS 

TAbubbed viIues lire in «>iE|l1Kfraii 



500 

fa 
15 
20 
25 
30 



DunbtdIk 



IS 

w 

32 
» 









«■! 
M-4 

IMP 
122-3 
115^ 



4a-3 

]l3-3 

111 J 

303-S 



3«-( 

*^] 

llV4 
113 9 
155-4 



Jli» 
111 

J4'4 

]43i-0 
]£]-] 



MLT 
*!■* 

B;7^J 

IM-B 
JE9-S 

J 35*9 
131-3 

193-fl 



MJD 
Z7l 

544 

SI-& 

**■? 

)!« 
I4JHJ 
1^1 



M25 

Jl t 

44fi 

^1 

7T-7 
BJ-4 

«?l 
IW'4 
IM^3 



-111 
^^ 

43-3 
*33 

ii-5 

ll«-Q 
IWJ 



Nci^ — TtK 4lj£:¥elnf][nciii hqffhi jpvcn D,bo¥E %n far ii M{iK4 of O'l'T J^ Ia IIk bir- 



nF;VEL«PJHENT l^rrriTH KNVi ANHHaRACii: 



m5 



TABLE 67 ANCHORAGE VALUE OF HOOKS AND BENDS 

Tabulated values are in centimetres. 



Bar Diameter, 












mm 


6 


8 


10 


12 


16 


Anchorage Value of 
hook 

Anchorage Value of 
90" bend 


9-6 

4-8 


12-8 
6-4 


160 
8-0 


19-2 
9-6 


25-6 
12-8 



li 



20 



22 



25 



28 



28-8 320 35-2 400 448 
14-4 160 17-6 200 224 



32 

51-2 
25-6 



36 

57-6 
28-8 




4> 




i 



* 



STANDARD HOOK 



STANDARD 90 BEND 



STANDARD HOOK AND BEND 



Type of Steel 

Mild steel 

Cold worked steel 

Note 1 — Table is applicable to all grades of reinforcement bars. 
NoTi; 2 Hooks and bends shall conform to the details given above. 



Min Valife ofk 
2 
4 
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6. WORKING STRESS DESIGN 



6.1 FLEXURAL MEMBERS 

Design of flexural members by working 
stress method is based on the well known 
assumptions given in 43.3 of the Code. 
The value of the modular ratio, m is given by 

280 93-33 
m =r -= 

Therefore, for all values of ocbc we have 
m (Tcbc = 93*33 




Fig. 9 Balanced Section (Working 
Stress Design) 

6. 1.1 Balanced Section (see Fig. 9) 
Stress in steel = a^t = mocbc I "P ~~ O 



(4-') = 



dst 



1_ 
k 

k = 



Ost 

93-33 
93 33 



+ 1 = 



Twocbc 93*33 
ost + 93-33 



93-33 



(Tst + 93-33 

The value of k for balanced section depends 
only on on. It is independent of Ocbc. Moment 
of resistance of a balanced section is given 

bd^ f k\ 

by Mbai = -2"<Jcbc k\\ — Y )■ The values 

of A/bai/M* for different values of Ocbc and 
Ost are given in Table K. 



TABLE K MOMENT OF RESISTANCE FACTOR 

Mibd*, N/mm» FOR BALANCED 

RECTANGULAR SECTION 



«cbc 




*si, N/mm* 




N/mm» 




A 




140 


230 


275 


5 


0-87 


0-65 


0-58 


70 


1-21 


0-91 


0-81 


8-5 


1-47 


Ml 


0-99 


10-0 


1-73 


1-30 


116 



Reinforcement percentage pt>bai for balanced 
section is determined by equating the com- 
pressive force and tensile force. 

Ccbc kdb pt,bit bd On 



PuhaA 



50 A: 



Ocbc 



<I»t 



The value of p^,hwx for different values of 
Ocbc and On are given in Table L. 



TABLE L PERCENTAGE OF TENSILE 

REINFORCEMENT p,,b., FOR SINGLY 

REINFORCED BALANCED SECTION 

{Clause 6.1.1) 



Ocbc 
N/mm« 




ffjt N/mm' 




140 


230 


■' ■* 

275 


50 


071 


0-31 


0-23 


70 


100 


0-44 


0-32 


8-5 


1-21 


0-53 


039 


100 


1-43 


0-63 


0*46 



6.1.2 Under Reinforced Section 

The position of the neutral axis is found 
by equating the moments of the equivalent 
areas. 






bd^ 



^a -k^ 
100 ^ ^ 



k^ = 



^(•-*) 



k^ + 



pimk 



Ptm 



= 0. 



50 50 

The positive root of this equation is given by 

4- 



k = 



ptm 
100 



+ 



(100)2 + 



ptm 
50 



This is the general expression for the depth 
of neutral axis of a singly reinforced section. 
Moment of resistance of an under-reinforced 
section is given by 



^=*'^'-w('-4) 



Values of the moment of resistance factor 
M/bd^ have been tabulated against pt in 
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.ClZlJl 




«tfc.(*^ 



Fig, 10 Doubly Reinkaced Section 
(Working Stress Design) 



Tables 68 to 71. The Tables cover four 
grades of concrete and five values of on. 

6.1.3 Doubly Reinforced Section — Doubly 
reinforced sections are adopted when the 
bending moment exceeds the moment of 
resistance of a balanced section. 

M = Mb,i + M' 

The additional moment M' is resisted by 
providing compression reinforcement and 
additional tensile reinforcement. The stress 
in the compression reinforcement is taken 
as 1-5 m times the stress in the surrounding 
concrete. 

Taking moment about the centroid of 
tensile reinforcement. 



M' =^J^^f^(l-5m-l)<Tcbc 



.(*4-')(.-..) 



.-. U~M^ + ^^'-^''^> „., 



{^A)"^' 



Total tensile reinforcement An is given by 
At\ ^ /i,ti "H A%X2 



where Ak^^ = pt,bai 



bd_ 
100 



A A M' 

and Am = — j-z — -j^- 
o« (a — d') 



The compression reinforcement can be ex- 
pressed as a ratio of the additional tensile 
reinforcement area Atn. 



Pc 



Atti (pt — Pt.bal) 



Ost 



1 



ffcbc (1-5 m - 1) (l-d'lkd) 

Values of this ratio have been tabulated for 
different values of d'/d and ocbc in Table M. 
The table includes two values of cst- The 
values of pt and pc for foar values of d'/d 
have been tabulated against M/bd* in 
Tables 72 to 79. Tables are given for four 
grades of concrete and two grades of steel. 



TABLE M VALUES OF THE RATIO AJA^^^ 
(Chuse 6.1.3) 



Pc 
100 



(1-5 m — 1) ocbc 



K'-T.)!'-^)*' 



Equating the additional tensile force and 
dditional compressive force, 



^ 100 



a»» 



-^"•^"- »-('-)&) 



or (Pt — Puui) <ht 



= /)c(l*5m-l)<ycbc ( 1 - -j^j 



".t 


"cbc 


a 


la 






N/mm» 


N/mm» 
















1 






005 


010 


015 


0-20 




r 50 


1-19 


1-38 


166 


2-07 




. 70 


1-20 


1-40 


1-68 


211 


140 


< 8-5 

tioo 


1-22 


1-42 


1-70 


2-13 




1-23 


1-44 


1-72 


2-15 




r 50 


206 


2-61 


3-55 


5-54 




1 70 


209 


2-65 


3-60 


5-63 


230 


i 8-5 


212 


2-68 


3-64 


5-69 




LlOO 


2-14 


2-71 


3-68 


5-76 



6,2 COMPRESSION MEMBERS 

Charts 86 and 87 are given for determining 
the permissible axial load on a pedestal or 
short column reinforced with longitudinal 
bars and lateral ties. Charts are given for 
two vfflues of aic. These charts have been 
made in accordance with 4^.1 of the Code. 
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According to 46.3 of the Code, members 
subject to combined axial load and bending 
designed by methods based on elastic theory 
should be further checked for their strength 
under ultimate load conditions. Therefore 
it would be advisable to design such members 
directly by the limit state method. Hence, 
no design aids are given for designing such 
members by elastic theory. 

6.3 SHEAR AND TORSION 

The method of design for shear and torsion 
by working stress method are similar to the 
limit state method. The values of permissible 
shear stress in concrete are given in Table 80. 



Tables SI and 82 are given for design of 
shear reinforcement. 

6.4 DEVELOPMENT LENGTH AND 
ANCHORAGE 
The method of calculating development 
length is the same as given under limit state 
design. The difference is only in the values 
of bond stresses. Development lengths for 
plain bars and two grades of deformed bars 
are given in Tables 83 to 85. 

Anchorage value of standard hooks and 
bends as given in Table 67 are applicable 
to working stress method also. 
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TABLE 68 FLEXURE — MOMENT OF RESISTANCE FACTOR, Mfbd^ N/mm« FOR 

SINGLY REINFORCED SECTIONS 

1 Ccbc=5-0 N/mm2 


275 




^cbc 


p. 




<Tsti 


N/mm* 






0-47 
0-48 
0-49 
0-50 
0-51 




cTst, N/mm^ 

A 




5.0 


^t 


130 

0146 
0-158 
0-170 
0181 
0193 


140 

0157 
0170 
0183 
0-195 
0-208 


190 

0-214 
0-231 
0-248 
0-265 
0-282 


230 

0-258 
0-279 
0-300 
0-321 
0*341 


275 

0*309 
0-334 
0-359 
0*384 
0*408 


130 

0-542 
0-553 
0*564 
0-574 
0-585 


140 190 230 275 | 




0-12 
013 
014 
015 
016 


0-583 
0-595 
0*607 
0-619 
0-630 




017 
018 
019 
0-20 
0-21 


0-205 
0-216 
0-228 
0-239 
0-251 


0-220 
0-233 
0-245 
0-258 
0-270 


0-299 
0-316 
0-333 
0-350 
0-367 


0-362 
0-383 
0-403 
0-423 
0*444 


0*433 
0-457 
0*482 
0-506 
0*531 


0-52 
0-53 
0-54 
0-55 
0-56 


0-596 
0-607 
0-618 
0-629 
0-640 


0-642 
0-654 
0-665 
0-677 
0-689 


0-22 
0-23 
0-24 
0-25 
0-26 


0-262 
0-274 
0-285 
0-297 
0-308 


0-282 
0-295 
0-307 
0-319 
0*332 


0-383 
0-400 
0-417 
0-433 
0-450 


0-464 
0-484 
0-505 
0*525 
0*545 


0-555 
0-579 


0-57 
0-58 
0-59 
0-60 
0-61 


0-650 
0-661 
0-672 
0-683 
0-693 


0-700 
0-712 
0-724 
0-735 
0*747 


0-27 
0-28 
0-29 
0-30 
0-31 


0-319 
0*331 
0-342 
0-353 
0-364 


0-344 
0-356 
0-368 
0-380 
0*392 


0-467 
0-483 
0-500 
0-516 
0-533 


0*565 
0*585 
0-605 
0-625 
0*645 




0-62 ( 
0:63 ( 
0-64 ( 
0-65 ( 
0-66 ( 


0-7O4 
3-715 
3-726 
3-736 
3-747 


0-758 
0-770 
0-781 
0-793 
0-804 


0-32 
0-33 
0-34 
0-35 
0-36 


0-376 
0-387 
0-398 
0-409 
0*420 


0-405 
0-417 
0-429 
0-441 
0-453 


0-549 
0-565 
0-582 
0*598 
0*614 






0-67 0-758 
0-68 0-768 
0-69 0-779 
0-70 0-790 
0-71 0-800 


0-816 
0-827 
0-839 
0-850 
0*862 


0-37 
0-38 
0-39 
0-40 
0-41 


0-431 
0-443 
0-454 
0-465 
0-476 


0-465 
0-477 
0*489 
0-500 
0*512 


0-631 
0-647 
0-663 
0*679 
0-695 






0-72 0-811 
0-73 0-821 
0-74 0-832 
0-75 0-843 
0-76 0-853 




0-42 
0-43 
0-44 
0-45 
0-46 


0*487 
0-498 
0-509 
0-520 
0-531 


0-524 
0-536 
0-548 
0-560 
0-572 


0-711 
0*728 






0-77 0-864 
0-78 0-874 
0-79 0-885 
0-80 0-895 
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cbc 
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TABLE 69 FLEXURE — MOMENT OF RESISTANCE FACTOR, Mlbd\ N/mm* FOR 

SINGLY REINFORCED SECTIONS 

Ocbc=7-0 N/imn« 









<T,t. N/inm* 








«jgt, N/mm^ 




Pt 












Pt 








r 








""» 










130 


140 


190 


230 


275 




130 


140 190 230 275 


0-20 


0-242 


0-261 


0-354 


0-428 


0-512 


0-76 


0-869 


0-936 




0-22 


0-266 


0-286 


0-388 


0-470 


0-562 


0-77 


0-880 


0-948 




J'24 


0-289 


0-311 


0-422 


0-511 


0-611 


0-78 


0-891 


0-960 




0-26 


0-312 


0-336 


0-456 


0-552 


0-660 


0-79 


0-902 


0-971 




0-28 


0-335 


0-361 


0-490 


0-593 


0-709 


0-80 


0-913 


0-983 




0-30 


0-358 


0-386 


0-523 


0-633 


0-757 


0-81 


0-923 


0-994 




0-32 


0-381 


0-410 


0-557 


0-674 


0-806 


0-82 


0-934 


1-006 




0-34 


0-404 


0-435 


0-590 


0-714 




0-83 


0-945 


1018 




0-36 


0-427 


0-459 


0-623 


0-755 




0-84 


0*956 


1029 




0-38 


0-449 


0-484 


0-657 


0-795 




0-85 


0-966 


1-041 




0-40 


0-472 


0-508 


0-690 


0-835 




0-86 


0-977 


1-052 




0-42 


0-494 


0-532 


0-723 


0-875 




0-87 


0-988 


1-064 




0-43 


0-506 


0-545 


0-739 


0-895 




0-88 


0-999 


1-075 




0-44 


0-517 


0-557 


0-756 






0-89 


1009 


1-087 




0-45 


0-528 


0-569 


0-772 






0-90 


1020 


1-099 




0-46 


0-539 


0-581 


0-788 






0-91 


1031 


1110 




0-47 


0-551 


0-593 


0-805 






0-92 


1041 


1-122 




0-48 


0-562 


0-605 


0-821 






0-93 


1052 


1-133 




0-49 


0-573 


0-617 


0-837 






0-94 


1063 


1145 




0-50 


0-584 


0-629 


0-854 






0-95 


1-073 


1-156 




0-51 


0-595 


0-641 


0-870 






0-96 


1-084 


1-168 




0-52 


0-606 


0-653 


0-886 






0-97 


1-095 


1-179 




0-53 


0-617 


0-665 


0-902 






0-98 


1105 


1-190 




0-54 


0-628 


0-677 


0-919 






0-99 


1116 


1-202 




0-55 


0-640 


0-689 


0-935 






100 


1127 






0-56 


0-651 


0-701 


0-951 






101 


1-137 






0-57 


0-662 


0-713 


0-967 






1-02 


1148 






0-58 


0-673 


0-724 


0-983 






1-03 


1158 






0-59 


0-684 


0-736 


0-999 






1-04 


1-169 






0-60 


0-695 


0-748 


1-015 






105 


1-180 






0-61 


0-706 


0-760 








106 


1-190 






0-«2 


0-717 


0-772 








107 


1-201 






0-63 


0-728 


0-784 








1-08 


1-211 






0-64 


0-739 


0-795 








109 


1-222 






0-65 


0-750 


0-807 








110 


1-232 






0-66 


0-761 


0-819 








111 


1-243 






0-67 


0-772 


0-831 








112 


1-254 






0-68 


0-782 


0-843 








M3 


1-264 






0-69 


0-793 


0-854 
















0-70 


0*804 


0-866 
















0-71 


0-815 


0-878 
















0-72 


0-826 


0-890 
















0-73 


0-837 


0-901 
















0-74 


0-848 


0-913 
















0-75 


0-859 


0-925 
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TABLE 70 



FLEXURE — MOMENT OF RESISTANCE FACTOR, M/bd\ N/mm* 
SINGLY REINFORCED SECTIONS 



FOR 





















Ccbc = 8-5 N/mm' 






"•t. 


N/mm' 










o»t, N/mm' 




Pt 












Pi 








130 


140 


190 


230 


275 


' 130 


140 190 


230 275 


0-20 
0-22 
0-24 
0-26 
0-28 


0-244 
0-267 
0-291 
0-314 
0-337 


0-262 
0-288 
0-313 
0-338 
0-363 


0-356 
0-391 
0-425 
0-459 
0-493 


0-431 
0-473 
0-514 
0-556 
0-597 


0-515 
0-565 
0-615 
0-664 
0-714 


096 
097 
0-98 
0-99 
1-00 


1096 
1-107 
1-117 
1-128 
1-139 


1-180 
1192 
1-203 
1-215 

1-227 




0-30 
0-32 
0-34 
0-36 
0-38 


0-361 
0-394 
0-407 
0-430 
0-453 


0-388 
0-413 
0-438 
0-463 
0-488 


0-527 
0-561 
0-595 
0-628 
0-662 


0-638 
0-679 
0-720 
0-761 
0-801 


0-763 
0-812 
0-861 
0-909 
0-958 


1-01 
1-02 
1-03 
1-04 
1-05 


1-150 
1-161 
1-171 
1-182 
1-193 


1-238 
1-250 
1-261 
1-273 
1-285 




0-40 
0-42 
0-44 
0-46 
0-48 


0-476 
0-498 
0-521 
0-544 
0-567 


0-512 
0-537 
0-561 
0-586 
0-610 


0-695 
0-729 
0-762 
0-795 

0-828 

t 


0-842 
0-882 
0-922 
0-962 
1-002 




1-06 
1-07 
1-08 
109 
110 


1-203 
1-214 
1-225 
1-236 
1-246 


1-296 
1-308 
1-319 
1-331 
1-342 




0-50 
0-52 
0-54 
0-56 
0-58 


0-589 
0-612 
0-634 
0-657 
0-679 


0-634 
0-659 
0-683 
0-707 
0-731 


0-861 
0-894 
0-927 
0-960 
0-992 


1-042 
1-082 




Ml 
1-12 
113 
1-14 
1-15 


1-257 
1-268 
1-278 
1-289 
1-300 


1-354 
1-365 
1-377 
1-388 
1-400 




0-60 
0-62 
0*64 
0-66 
0-68 


0-701 
0-723 
0-746 
0-768 
0-790 


0-755 
0-779 
0-803 
0-827 
0-851 


1025 
1-057 
1090 
1-122 
1-155 






116 
1-17 
118 
1-19 
1-20 


1-310 
1-321 
1-332 
1-342 
1-353 


1-411 
1-423 

1-434 
1-446 
1-457 





130 
140 
190 
230 
275 

^cbc 

8.5 



0-70 


0-812 


0-875 1-187 


1-21 


1-364 1-468 


0-72 


0-834 


0-898 1-219 


1-22 


1-374 


0-74 


0-856 


0-922 


1-23 


1-385 


0-76 


0-878 


0-946 


1-24 


1-395 


0-78 


0-900 


0-969 


1-25 


1-406 


0-80 


0-922 


0-993 


1-26 


1-417 


0-82 


0944 


1016 


1-27 


1-427 


0-83 


0-955 


1028 


!-28 


1-438 


0-84 


0-966 


1-040 


1-29 


1-448 


0-85 


0-977 


1-052 


1-30 


1-459 


0-86 


0-987 


1063 


1-31 


1-469 


0-87 


0-998 


1-075 


1-32 


1480 


0-88 


1009 


1-087 


1-33 


1-491 


0-89 


1-020 


1099 


1-34 


1-501 


0-90 


1-031 


1-110 


1-35 


1-512 


0-91 


1042 


1122 


1-36 


1-522 


0-92 


1-053 


1134 


1-37 


1-533 


0-93 


1-063 


1145 






0-94 


1-074 


1-157 






0-95 


1-085 


1-169 
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TABLE 71 FLEXURE — MOMENT OF RESISTANCE FACTOR, Mjbd^ N/mm^ FOR 

SINGLY REINFORCED SECTIONS 



Ocbc = 100 N/mm* 



'cbc 



Pt 




"rt. 


N/mm« 






Pi 




(Tst, N/mm' 


130 


140 


190 


230 


275 


130 


140 19( 


0-20 
0-22 
0-24 
0-26 
0-28 


0-245 
0-269 
0-292 
0-316 
0-339 


0*264 
0*289 
0*315 
0*340 
0*365 


0-358 
0-392 
0-427 
0-461 
0-496 


0-433 
0-475 
0-517 
0-559 
0-600 


0-518 
0-568 
0-618 
0*668 
0-718 


110 
1-12 
1-14 
116 
1-18 


1-257 
1-279 
1-301 
1*322 
1-344 


1-354 
1-377 
1-401 
1-424 
1-447 


0-30 
0-32 
0-34 
0-36 
0-38 


0-363 
0-386 
0-409 
0-432 
0-456 


0-391 
0*416 
0*441 
0-466 
0-491 


0-530 
0-564 
0-598 
0-632 
0-666 


0-642 
0-683 
0-724 
0-765 
0-806 


0-767 
0-817 
0-866 
0-915 
0-964 


1-20 
1-22 
1-24 
1-26 
1-28 


1-365 
1-387 
1-408 
1*430 
1-451 


1-470 
1-494 
1-517 
1*540 
1-563 


0-40 
0-42 
0-44 
0-46 
0-48 


0-479 
0-502 
0-525 
0-548 
0-570 


0-515 
0-540 
0-565 
0-590 
0-614 


0-700 
0-733 
0-767 
0-800 
0-834 


0-847 
0-888 
0-928 
0-969 
1009 


1013 
1061 
1-110 
1-158 


1-30 
1-31 
1-32 
1-33 
1-34 


1-473 
1*483 
1-494 
1-505 
1*515 


1-586 
1-597 
1*609 
1-620 
1-632 


0-50 
0-52 
0-54 
0-56 
0-58 


0-593 
0-616 
0-639 
0-661 
0-684 


0*639 
0*663 
0-688 
0-712 
0-736 


0-867 
0-900 
0-933 
0*966 
0-999 


1-049 
1-090 
1-130 
1170 
1-210 




1*35 
1-36 
1-37 
1-38 
1*39 


1-526 
1-537 
1-547 
1-558 
1-569 


1-643 
1-655 
1*666 
1*678 
1*689 


0-60 
0-62 
0-64 
0-66 
0-68 


0-706 
0-729 
0-751 
0-774 
0-796 


0-761 
0-785 
0-809 
0-833 
a857 


1*032 
1065 
1098 
1131 
1163 


1*250 
1-289 




1-40 
1-41 
1-42 
1-43 
1*44 


1-579 
1-590 
1-600 
1-611 
1-622 


1-701 
1-712 
1-724 


0-70 
0-72 
0-74 
0-76 
0-78 


0-818 
0*841 
0-863 
0-885 
0-907 


0-881 
0-905 
0-929 
0-953 
0-977 


1-196 
1-229 
1-261 
1-294 
1-326 






1-45 
1-46 
1-47 
1-48 
1-49 


1-632 
1-643 
1-653 
1-664 
1-675 




0-80 
0-82 
0-84 
0-86 
0-88 


0-929 
0*952 
0*974 
0*996 
1*018 


1001 
1025 
1*048 
1072 
1096 


1-358 
1-391 
i-423 
1-455 






1-50 
1-51 
1*52 
1-53 
1-54 


1-685 
1-696 
1*706 
1-717 
1-727 




0-90 
0-92 
0-94 
0-96 
0-98 


1-040 
1062 
1083 
1105 
1127 


1120 
1143 
1167 
1190 
1-214 








1-55 
1-56 
1-57 
1*58 
1-59 


1*738 
1*749 
1-759 
1*770 
1-780 




1-00 
102 
104 
1-06 
108 


M49 
1-171 
1192 
1-214 
1*236 


1-237 
1-261 
1-284 
1-308 
1-331 








1-60 


1-791 





230 



275 
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DBnON AIDS FOR REINFORCED CONCRETE 



TtfJOftKINO STltt^ METHOD 



a. 



TABLE 12 FLEXURfi— RfilKFORO-Ml- NT TEftCENTAOES FOR DOUBLY 

REINFOHCED SECTIONS 

















^* 


f^H^iii^ 
















flW-1 


140 li^nunl 


m^. 


dTM 


-fl-flJ 


J-w- 


ei9 


j-^j- 


0-19 


d^^-.«-K 




A 


A 


A 


A J. 


/■= 


^K 


A 


«^I7 


C-TJT 


(HWO 


QHtit 


0404 


0-?]? 


frOW 


*?ll 


fl^Utf 


<v» 


frIW 


ejwft 


#t4f 


&flll 


*>7<1 


a«4 


fr7M 


iWiti 


Q« 


e-m 


04W 


ffW 


(HNI 


fIfTM 


^bt$ 


&7M 


0']S^ 


1^ 


S^ll 


D'llS 


f^l30 


Q-]4fi 


fHia 


^tu 


<M33 


e-in 


iM 


i^i^ 


«-!«) 


frUO 


&-»3 


OIH 


D-33* 


4471 


(H* 


hit 


0-I9O 


&WHE 


G-m 


{]rZS4i 


frflQ 


IfHi 


a-923 


»4» 


I'll 


O-JJT 


D2LSI 


0-934 


[>}|| 


fr^FI 


o-ns 


UrUf 


»^J» 


I-9B 


flrW.3 


0-t*T 


11-0^70 


DiOi 


Q-»4 


tl4fij 


im^ 


tmi 


i-zs 


lOM 


&U1 


1*1? 


(T^l 


I1114 


C-IM 


l^o^f 


(I?10 


1)0 


IWO 


^m 


|fi5fi 


l>4T6 


HJTS 


o-ew 


3-i-ftl 


I^SS 


1« 


]-IITI 


it*it 


l-l]«« 


fr»fl 


1-1^ 


CrtfT* 


|-3hW 


(HW 


%m 


3-513 


^A-71 


tm 


l^H3 


J-Jfi 


0'?+* 


|]«D 


4§is 


]« 


]U33 


frJlO 


tin 


{^MQ 


1^^ 


EM13 


I'JIS 


IDH 


ffl 


i]9tf 


\^iM 


J 117 


frsm 


1^347 


o-nji 


A^ 


I'jn 


t-JS 


]-Z2a 


4M9 


J°l^ 


*T30 


1-2*? 


(H!?} 


I'^ 


l»* 


i-'H 


■■3K 


(^«i3 


i»s 


frwa 


t-Jil 


J-«3 


Pl» 


I33B 


''*W 


l-XH 


fl-Wfi 


i-j« 


fhW 


im 


liffi 


HI4 


I-431 


Jl^ 


1-111 


fr7« 


I-3TS 


fr»t4 


J'4IJ 


I'ltl 


|-*M 


1-^3 


tm 


!.»* 


i]t7n7 


l*|i 


4>«# 


]'4S7 


i-tu 


l-iffil 


iiSS 


I'te 


I-4K 


fraai 


J4J5 


1-0(H 


]>«« 


J'lOl 


1-541 


]■?» 


i-tf 


J-^Sl 


Ol7fr 


J-45lt 


J^» 


Irlil 


1-JTI 


1^*13 


I'lU 


i«a 


1-*^] 


IP ^21 


1-534 


i-lM 


i-Jl3 


1-Ml 


lerr 


l-frl4 


t« 


h»9 


tn^s 


[■37* 


i'lfi» 


lt75 


Jill 


t-aa 


J^MW 


Ma 


l'H« 


]-H0 


j-ei4 


i-H4 


i-6*T 


l-JU 


l-TH 


34(W 


£-« 


I-IMHI 


1-W4 


j-«» 


ISlf 


i^m* 


J'^?^ 


i-nj 


1-lH, 


Ml 


Ifrit 


] W» 


i^j 


l»] 


i'TJt 


1-^ 


1115 


l-»4 


M5 


ibn 


]'144 


17^ 


L4oa 


1-™ 


iWt 


l-MO 


J'37t 


^ 


l-TJT 


]-IH 


JTii 


1463 


l-tM 


J-Uf 


IKS 


J4W 


1-7*1 


1-333 


]-ti3 


L-Stft 


l-t77 


J-fW 


]-*# 


l-3ti. 


»« 


l?W 


i-m 


i^H3 


l-m 


f?n 


l-w* 


J-AH 


lt» 


1« 


j-iJo 


im 


i'^ 


j-bSti 


l-fttL 


JHkM 


3,Cif 


I'W 


]« 


I'IfiT 


]-»6 


J^l 


1^1 


2-wrJ 


3-|3fl 


urn 


J'B«I 


HI 


I'SfiJ 


1411 


l-tfTI 


lUI 


2-U3 


ran 


^m 


l-Kl 


13 


1-Mtl 


a-4ss 


2011 


1-m 


l-mt 


i-fn 


2-I7J 


mm 


J-fW 


rsoQ 


£-4!D 


1 MT 


a- [2? 


I'Hir 


!Mn 


3JJT 


2« 


l-Qlli 


l-u^ 


2^J» 


l-HH 


Z-ITI 


1-4 IT 


2r-2iQ 


3-219 


Ma 


l-ftSJ 


l-JN 


113d 


143? 


3-11 S 


a-a7 


I-HTf 


!1!l 


n* 


l-W 


NM 


110 


J«I1 


3-233 


S^36 


S-iSJ 


Ml 


1'I34 


i^il 


i-v» 


IM? 


I'iVf 


?'«A 


1-\W 


3-411 


HP 


Jl« 


1-7J3 


l-Wf 


1-m 


i-m 


34^ 


tiJD 


l-Mdi 


£« 


l-aoe 


l-w 


tus 


rsn 


2-IHI 


2-763 


^i«S 


S-STI 


i« 


3-£43 


isSJ2 


£-n3 


»iil 


1-4U 


J-B33 


l-iJ0 


l-7tf 


\m 


3-3iJ 


l-UI 


13M 


tlH 


i46S 


S-WH 


fj74 


IHt 


im 


3-3tt 


I^I 


2-«(f 


1^)41 


S-M7 


J-W3 


Ml* 


l-9St 


MS 


T356 


J-Mg 


5-4JT 


i-jsw 


2-5*!l 


14W 


l^iU 


44i3 
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WORKING STRESS METHOD 



TABLE 73 FLEXURE 



REINFORCEMENT PERCENTAGES FOR DOUBLY 
REINFORCED SECTIONS 

















Ocbc = 7-0 N/mm* 
















<j,t = 140 


N/mm2 


Mu/M^ 


d'Jd = 


005 


d'ld^ 


010 


d'ld^ 


= 0-15 


d'ld = 


0-20 


N/mm2 


Pt 


' 1 

^0 


1 
Px 




Px 


t 
Pc 


t 

P< 




1-22 


1005 


0006 


1-005 


0007 


1006 


0009 


1-006 


013 


1-25 


1-028 


0033 


1029 


0-041 


1031 


0052 


1-033 


0-069 


1-30 


1065 


0078 


1069 


0097 


1-073 


0123 


1-077 


0-163 


1-35 


1103 


0124 


1-108 


0152 


1-115 


0-193 


1-122 


0-257 


1-40 


1-140 


0-169 


1-148 


0-208 


1-157 


0-264 


11 67 


0-351 


1-45 


1-178 


0-214 


1188 


0-264 


1199 


0-335 


1-211 


0-445 


1-50 


1-216 


0-259 


1228 


0-319 


1-241 


0-406 


1-255 


0-539 


1-55 


1-253 


0-305 


1-267 


0-375 


1-283 


0-476 


1-301 


0-633 


1-60 


1-291 


0-350 


i-307 


0-431 


1-325 


0-547 


1-345 


0-727 


1-65 


1-328 


0-395 


1-347 


0-486 


1-367 


0-618 


1-390 


0-821 


1-70 


1-366 


0-440 


1-386 


0-542 


1-409 


0-689 


1-435 


0-915 


1-75 


1-404 


0-485 


1-426 


0-598 


1-451 


0-760 


1-479 


1009 


1-80 


1-441 


0-531 


1-466 


0-653 


1-493 


0-830 


1*524 


1103 


1-85 


1-479 


0-576 


1-505 


0-709 


1-535 


0901 


1-568 


1-197 


1-90 


1-516 


0-621 


1-545 


0-765 


1-577 


0-972 


1-613 


1-291 


1-95 


1-554 


0-666 


1-585 


0-821 


1-619 


1-043 


1-658 


1-385 


200 


1-591 


0-712 


1-624 


0-876 


1-661 


1113 


1-702 


1-479 


205 


1-629 


0-757 


1-664 


0-932 


1-703 


1-184 


1-747 


1-573 


210 


1-667 


0-802 


1-704 


0-988 


1-745 


1-255 


1-792 


1-667 


215 


1-704 


0-847 


1-743 


1-043 


1-787 


1-326 


1-836 


1-761 


2-20 


1-742 


0-892 


1-783 


1099 


1-829 


1-396 


1-881 


1-855 


2-25 


1-779 


0-938 


1-823 


1155 


1-871 


1-467 


1-926 


1-949 


2-30 


1-817 


0-983 


1-862 


1-210 


1-913 


1-538 


1-970 


2043 


2-35 


1-855 


1028 


1-902 


1-266 


1-955 


1-609 


2-015 


2-137 


2-40 


1-892 


1-073 


1-942 


1-322 


1-997 


1-680 


2-060 


2-231 


2-45 


1-930 


1119 


1-981 


1-378 


2039 


1-750 


2-104 


2-325 


2-50 


1-967 


1164 


2021 


1-433 


2081 


1821 


2149 


2-419 


2-55 


2-005 


1-209 


2061 


1-489 


2-123 


1-892 


2193 


2-513 


2-60 


2043 


1-254 


2101 


1-545 


2-165 


1-963 


' 2-238 


2-607 


2-65 


2080 


1-299 


2140 


1-600 


2-207 


2-033 


2*283 


2-701 


2-70 


2118 


1-345 


2180 


1-656 


2249 


2104 


'2-327 


2-795 


2-75 


2155 


1-390 


2-220 


1-712 


2-291 


2-175 


2-372 


2-888 


2-80 


2193 


1-435 


2-259 


1-767 


2-333 


2-246 


2-417 


2-982 


2-85 


2-231 


1-480 


2-299 


1-823 


2-375 


2-316 


2-461 


3-076 


2-90 


2-268 


1-526 


2-339 


1-879 


2-417 


2-387 


2-506 


3-170 


2-95 


2-306 


1-571 


2-378 


1-934 


2-459 


2-458 


2-551 


3-264 


300 


2-343 


1-616 


2-418 


1990 


2-501 


2-529 


2-595 


3-358 


3 05 


2-381 


1-661 


2-458 


2046 


2-543 


2-599 


2-640 


3-452 


310 


2-419 


1-707 


2-497 


2102 


2-585 


2-670 


2-685 


3-546 


315 


2-456 


1*752 


2-537 


2-157 


2-627 


2-741 


2-729 


3-640 


3-20 


2-494 


1-797 


2-577 


2-213 


2-669 


2-812 


2-774 


3-734 


3-25 


2-531 


1-842 


2-616 


2-269 


2-711 


2-883 


2-818 


3-828 


3 30 


2-569 


1-887 


2-656 


2-324 


2-754 


2-953 


2-863 


3-922 


3-35 


2-607 


1-933 


2696 


2380 


2-796 


3024 


2908 


4-016 


3-40 


2-644 


1-978 


2-735 


2-436 


2-838 


3-095 


2-952 


4-110 
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TWtLE 74 FLEXURE 



REmroRCEMENT PERCENTAGES FOR DOUBLY 
)te4J4FORCED SECTIONS 






*, ' ■ — 
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I'JIO 
IMT 

]*MJ 

fin 
isn 

1410 

1-™ 

JfTS 

ai3T 

3I-17* 
l-t13 

3-lU 

Z-$iJ 
2-791 

M13 

1-831 



(HU4 

dhu 

D4tl 

O-SJ* 
frf7I 

0^11 
frlM 

Q-Hl 
QB4fl 

Q'193 
IflTS 

i-m 

1 l«S 

1-3JI 
1-J5T 
E4d 
j-4«i 
l-IM 

l-HD 
E«Z5 

I-T17 
IW 

I HI 
I IM 
I HQ 

]--4« 



rf-M ^ o-ifl- 



I -171 
I 31 J 
■ ■IH 

r^lH 

E!]J 

rm 

J 791 

i/m 

1-914 
l-»M 

H» 

2'2fiT 
IMT 
t-3U 

IMS 
£4U 

lis* 

2713 
t*X^ 
2' 362 
2-Hll 

2rf4Z 



D-Dm 

0-355 

S8} 

n-ni 

0-Tfil 

B-A]:9 
0'B7S 

*!$»» 

ItDO 
MJT 
I 2l3 

1-2;^ 
]^]2S 

l-i3t 
1'4» 
1*5*1 
I'ffl? 

1-H4 
l-TH 
i-TH 

£■«« 

2<lfE 

£•111 
mT 

1-4U 



rf'ltf-0-lJ 



I'JB 
I-1T9 
I-M3 

|-«7 
|4M 
155] 
I-S73 

liSli 
]■&» 

l-3» 
1-S*t 
l-M* 
1-MI 

14» 

2Uf 

2II» 
tl«l 
2-W 

M4J 

l-MT 

I'lT] 
Mli 

1-4;J 

H*7 

1'7»1 
S-9J3 

ir?5 

7W7 
2'KJ 
3-(»L 
9HH3 



0-01€ 
frlll> 
ft2S3 

|]KTJ* 
(»S 

(Ha 

1-3I2 

i-in 
im 

1-4K 

J :hi 
i-w 

]-ia7 

3 -mi 
1-<M 

l'il4 
2- LB? 
1-M7 
2-1 W 
3'«» 

J'*7l 
i-i43 
3-«EJ 
2-«t4 

2-TJf 

2tJ0 

2-30 1 
2-fTJ 
3-0+4 






]-22a 

1S9J 

r*i7 

1-46L 
!-»$ 

ii*l 

HMf 
I-7B 

i^ll 

I'i^ 

i*5i 

i-m 
lire 
1530 

I-3H} 
1-3W 

a*W 

z-MS 

2-d:^3 

2" 377 
Z-SS 

rx** 

1*M 

MiS 

»7¥ 
3424 
}«(» 



«-■« 
[»-±4l 

[»-iJ4 

»'|]| 

I^DDl 
i^OH 

]-]W 

i-ATf 
J J73 
l-CCT 
1-M& 

IBd^r 

HHT 
2-t42 
2-237 

2-ad2 
2'TIZ 

2-f(n' 

2iN3 

J^lWi 
1-ltt 

Ji^fl 
4131 
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TABLE 75 FLEXURE -REINFORCEMENT PERCENTAOES FOR DOUBLY 

E^INFORCED SBCTIONS 

















■^LUe^ ]frON/irait' 
















^^t4ll 


Njtimn' 




"<■, 










-k. ^ 


H4^ 


O-Bft 


'a 


— ^ ^ 


Pi 


— * ^ 


fi 


A^ 


^ ^ 
^ 


J°i 


I'M 


L-4M 


iXHd 


I^H 


U-OH. 


^434 


M]if> 


1-433 


»«|j 


I^J 


1-4HI 


(HSI5 


i'4il 


(HWJ 


HW 


(MB4 


]'44l 


MKia 


J« 


l^W 


g^wt 


1-40] 


KM?* 


i-4« 


ffWF 


]-49f 


t-ISI 


]-«! 


L-?14 


A^IC?* 


t'fii 


4>1^3. 


J-ja7 


&]«> 


J SIS 


HM 


l-K 


1-SS4 


(M» 


l-Hl 


O^iMl 


IrM 


»ll 


i-377 


•■Jll 


i-ti 


1 S«] 


{h-3Dt 


IfO} 


Q'S*T 


l«li 


aJ]i 


]'tiU 


0^37 


2m 


l«S 


OrS4I 


1*1* 


*'M4 


l-AT't 


QJBfi 


i|-»T 


any 


l-K 


mt 


*;« 


I-4W 


«-J$l 


J-«^5 


0-459 


J-7J1 


0-«j9 


rit 


I'TW 


<^»? 


ilW 


(]'4L» 


l'T3T 


QJJI 


I^SH 


B-Wi 


2IS 


IMS 


*1M 


i^¥9 


a*iM 


ITW 


(Vriai 


I'JHI 


flriUI 


i-m 


S-77J 


MH 


i-m 


o^m 


1131 


(Hii 


3-D4S 


inn 


1^ 


i>ai? 


{M^ 


titi 


tri«9 


jte 


O'TU 


J -190 


»«H 


TX 


I-U3 


[Maf 


l-ITH 


OiiU 


i-Ma 


UhJLEI 


1 Wi 


i% 


TK 


1-JB 


Or|?l 


i-il]t) 


CTW 


l+t? 


M$l 


i-S7!l 


Tm 


1-9130 


MIT 


]-95i 


fl-THd 


Iftp 


»ilG9 


3^024 


1213 


^4S 


l-»«7 


&«3 


l^WT 


frllT 


2?0H 


iim 


H)W 


IIM 


t» 


MOS 


*TOS 


H»? 


!0'a74 


i^era 


hilO 


3-] a? 


H.T4 


tSi 


2^} 


^^:ws 


POT? 


0*6 


2^11} 


l-IO 


taSB 


l-JTI 


H« 


awi 


iv*n 


tufi 


O'^i^ 


J»(J7 


■■»f 


aaw 


J-^fT 


a^ 


i>ita 


tua 


14U 


l-fUl 


£'F99 


1-HT 


2H? 


I'TB 


l^TO 


3135 


i^«9S 


2-]M 


i-t« 


2-241 


i-4(W 


1'2»3 


i-*W 


m 


3-]9a 


4441 


lUJ 


]-tj# 


M$} 


I-4T1 


2-33* 


l-SH 


240 


a.-5ai 


04V7 


i-J?J 


IILS 


2-3» 


l'J4J 


i--ii\ 


14 Jl 


1^3 


1-3M 


H313 


1-JlJ 


1171 


tasi 


1^17 


1-^i 


tlfl 


l-^ 


l-^IK 


t-fWJ 


*?51 


1>33D 


3^40$ 


i-«» 


3-470 


»«i 


tn 


a-HS 


1 ia& 


i-iot 


I'iW 


2'4±l 


1 Mi 


2-aji 


I'MQ 


3-ee 


2-311 


LITl 


m>4 


1-444 


■l'4^i 


IIS 


l-JU 


34J4 


j« 


1-41J 


111! 


S-fl-l 


1 9W 


pi3S 


l-ATH 


1-S12 


^-i« 


i4» 


l~2&j 


^Sli 


1«? 


iJTf 


H» 


3645* 


l-tiS 


j-ij 


2-4H 


t5.ll 


t-SS 


|-«U 


£^E» 


IQJI 


3-Ha 


1-7S4 


3-20 


£-33 h 


t-JJ7 


2-M3 


l-ftTI 


Mdl 


Jli^ 


i-7ig 


»Ii 


MS 


2-S«# 


l'40+ 


2-6S2 


ITia 


l-TDJ 


2']9fi 


2-?e3 


»1T 


J'» 


i-«n 


L-4J0 


i-fi?i 


i'7iJ 


3^T45 


1-J4a 


itZ7 


yaa 


J-M 


1"M4 


l-tfS 


3^711 


5 -Mi 


^■re7 


2J4I 


3-171 


yiw 


3-« 


2-H2 


l-34i 


S-TJl 


1-B?? 


l-tJH 


141] 


1-W7 


j-iw 


i^j 


2<7l9 


l-J» 


1-Wl 


IM* 


1-171 


a-«6 


J-Pfrt 


J'JBI 


3-5D 


1-TJT 


l-ej 


lH9i 


3'0[3 


^9ii 


liSi 


J-fflW 


J-*ST 


i-sa 


^«* 


1-«fii 


ia?u 


iOTO 


IWS 


1«30 


J'Pai 


3-4U 


iM 


:n^ 


i-m 


I'Wft 


1-fIl 


t^si 


MKU 


J'DQS 


3-HO 


^-tiS 


mo 


1-77^ 


l-9» 


1-[14 


^(U$ 


JWJ 


JlKt 


3-a£ 


]-m 


MD7 


t^Btti 


Z-4fl4< 


2l'^l 


mi 


£■«« 


31B3 


Mfi 


J'W 


iMi 


i-m 


^■039 


1-IM 


l-m 


2-9IQ 


J-22* 


3-tn 


JtO 


24I3 


i^n 


J[W# 


l-i5J 


j^i«j 


i^n 


i-m 


3'#T4 


ahU 


S^» 


l-HV 


J-Jflfl 


1412 


jiol 


1«S« 






>« 


3«il 


3409 


)>i4a 


3M0 


}-l*P 


I'll? 










O^IQ-N AIDS Fdft RElNKKacQ] Cd^lCfim 
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TABLE 76 rLEXURE— RElNFORCEMEm: PERCENTAGES FOR DOUBLY 

rejnfoaced s£c^o^e9 

















«rtd = 


511N,'injii* 
















^ " 


iX Nfmm^ 


mfi^. 


d'i4 


- frflS 


t^i 


- fl-K5 




J7rf 


^ 9-ao 


N^mm 


A. 


^* 


ft 


^< 


F, 


V 

'r 


J% 


A 


Cii 


*JJ7 


<Mn? 


O'JJH 


cHaio 


0-116 


0-0(4 


O^JIt 


O-fflU 


0-70 


o-jas 


OMJ 


flrjyj 


tHUO 


Q-JJ-fi 


0407 


d-Mt 


0-14+ 


tt-n 


0-359 


IKiW 


frldl 


frl2l 


0-3M 


9-] 77 


tfi€f 


0-295 


trm 


4l-3Ht 


fyjl9 


0-3*5 


0-iifi 


D-3S9 


0-2fi« 


0'3H 


0-4il6 


iHi 


On4(H 


&l£? 


e^«9 


0-349 


fr4|} 


0-339 


0U3I 


0596 


MD 


0-«7 


D-134 


4^433 


0-Jll 


0411 


0^450 


&^4W 


iH47 


fr« 


P'4S0 


1^2BI 


4M5a 


fr335 


fr4fi6 


05H 


Q-471S 


O'syc 


■ -« 


O^TJ 


drJ^S 


f^^iSL 


04UB^ 


04a2 


Q-till 


O'WJ 


IiME 


likJ 


fMK 


frj7a 


0-3)06 


frJOJ 


OrSI? 


0-722 


0-330 


1-IJ4 


I-IO 


fr5]ff 


fr422 


fr«0 


0'H4 


fr»3 


Q-St2 


9-S3T 


1-lSO 


III 


O'JCl 


0-4iS 


Q-3J4 


oa27 


Oi6S, 


0-903 


0-sw 


]-»J 


iM 


D'SH 


0117 


D-5TS 


0-lUD 


9-394 


a-9H 


0^11 


ItiSl 


l^ 


O-SK 


0-564 


OliOl 


9-T5J 


0^fi2D 


l-WS 


0*3!l 


l-tOI 


130 


D-filO 


t»-«LI 


0-617 


0-41 & 


o«is 


l-]?l 


04H 


I-H3 


l» 


043I3 


0^53: 


0-«5L 


Ofl79 


0^7I 


L-2ti6 


0^3 


1-lH 


HO 


On6» 


frTOS 


D^7J 


0441 


0-«9ti 


1 3J7 


0-72D 


M« 


H3 


0-679 


fr752 


fh£99 


1-093 


frlE 


1-447 


0-747 


^W 


I-jp. 


frWH 


O^HD 


frTZJ 


I'OSfl 


0-747 


1 UE 


9^775 


ar33S 


1-JJ 


0-715 


0-U7 


fr747 


I'Jll 


0-77J 


nam 


9-sat 


1-»T 


ISi 


O-T+fl 


QBS4 


0-772 


I'lH 


Q-7S9 


l'7JS 


oaz9 


mST 


l^tfl 


O-TTO 


9-HI 


0-7» 


1-157 


0«34 


]-eia 


0-H3« 


liMki 


I'TO 


Cl-7« 


O^S 


0«2D 


1-JI9 


frSSO 


i«j] 


0-833 


j-iai 


!■« 


VBl« 


1*1* 


01i4 


I^IB 


OS75 


r992 


O^LO 


SKW 


I«3 


O-Al! 


1-Oflz 


04es 


I'MS 


frH] 


liia 


0411 


3n4tiO 


l«S 


O-J&l 


I'lJO 


lOSU 


3-SH 


O-flK 


J-lfl 


Mfi3 


i-tii 


J-iD 


.04U 


vm 


SH9iT 


1-571 


D-Hl 


J-lw 


frSM 


J'TU 


1-95 


frSW 


I1Z4 


0^1 


1^(34 


0-#7t 


£-134 


l-Oli 


J-913 


IW 


fr«31 


1-271 


O-Mi 


1*^ 


I'OOO 


1+W 






Ifli 


<*^3 


I-3IH 


CM* 


i-7W 


I4S 


2iU 






219 


W^6 


|-»5 


l-OIJ 


lEZJ 


I4H 


i-^Xf 






lis 


frWft 


1-413 


1437 


1-U« 


14*0 


17|7 






lao 


J-flii 


m«& 


IWI 


l-Ml^ 


vm 


2'W» 






£-aj 


IHH1 


i-a? 


J "06* 


1411 


tm 


isw 






3» 


i-wt 


!-5S* 


]-i]<^ 


1^3 


j ij? 


j-ws 






ii5 


1-491 


x-mv 


M^ 


^\TA 


IIR 


J<»0 






rm 


l-IN 


|-64« 


fiai 


MDI 


i-mt 


3-171 






^4i 


1 J37 


l-fi^J 


1183. 


M(» 


1-233 


3-Ml 






^Sb 


iin 


l'T41 


1 306 


2-317 


1-339 


3-jai 






I'SS 


1 JU 


1 790 


t'W( 


WM 


J-3S4 


343 






3^ 


i-2m 


I-B37 


1 Hi 


245J 


E-310 


3-33d 






la 


]'12H 


MM 


J -279 


1-Ji* 


t'\V\ 


J'«M 






rn 


1'25J 


l«i 


I30J 


JJW 


1-341 


1-715 






MS 


l-KM 


1^971 


l-33f? 


2i41 


1 317 


JHfr 






3-10 


i-sw 


2«;tfi 


I-3$I 


2?fl5 


1 412 


J-BT 






i-SJ 


1-110 


1-OTJ 


I3TJ 


t'-m 


I-4JH 


3^87 
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HRlNFOItceD SECnONS 






















iM»^ T4H/inHTi^ 
















ai*-'=^S» 




JWiW*. 


d'fd 


-(rOJ 


rid- 


frlO 


d'M^ 


0-lJ 


d'ld^^^x 


mma* 


'a 


'■^ h 


t ^ 


P. 


*V 


IV 


r- 


^fl 


frfZ 


(y442 


<Hxn 


W43 


0-MS 


fr44J 


(H)t3. 


f]'443 


D^l 


<^H 


fr45fr 


OilH 


0-437 


W*7 


l^4SS 


CHk» 


IMS 


fl-113 


i-eo 


friW 


O-OH 


D'4«! 


O-lll 


0-4*4 


Q-JEiQ 


(y*i6 


O'ZdJ 


i-od 


o^jioa 


ei3l 


0-505 


frlTI 


fr»s 


Q-SJI 


fh3l4 


IMIJ 


I-IJO 


frJM 


frJTS 


O-SJO' 


fr^» 


fr»S 


frM4 


0^541 


o-rra 


]-U 


IS-5« 


0-117 


^:yH 


(rJH 


fr«0 


&43* 


o-wa 


frTa 


]■» 


9-571 


flrns 


frJTJ 


frJ^ 


«»4 


0-33 


0^H3 


o-m 


l-S 


0-SH 


D°31] 


(MKl 


(HJl 


Ml 2 


MIO 


0-422 


l-dHI 


1-30 


04] g 


frJffO 


(Ka6 


<H» 


«3T 


oin 


Q-UQ 


MI4 


]■» 


&*:<» 


<HLt 


(MISO 


M» 


»4fi^ 


ffttj 


M77 


1-337 


i^^t 


#«s 


0^66 


<Hf?4 


<M^ 


Q^m 


0«7 


0-TO4 


1^4» 


1-4S 


*m 


■9-514 


1H94 


44K 


e-TH 


0-949 


frTJl 


1443 


i-% 


B'Wt 


o-sea 


O-TD 


'O'TW 


0-™ 


1441 


0^58 


L>7H 


L-« 


(tnt 


0-6L0 


0-7+7 


oei4 


0-WI 


1113 


IMtf 


l-«4» 


l-tf 


Q^TH 


o-sss 


0-77J 


O-RlT 


0-Wl 


J-J)^ 


«I3 


iJtH 


i-a 


frTTT 


frlM 


IK7W 


O-Kl 


frtIC 


IMI 


04H 


2^5 


100 


flfT9ff 


fr7JJ 


O'BJS 


1-OH 


frm 


I^4& 


0-867 


2-40« 


i-TJ 


<Mm 


(hKl] 


0^144 


l-4» 


&«i 


1-S41 


Q-BH 


2'»l 


1-10 


frIMJ 


o^»g 


O^tM 


1134 


MSI 


L-«3) 


0il2l 


3-714 


1-e 


<^*sfl 


frSDJ 


(^rai 


I'iSft 


4«i« 


1-123 


CiM« 


3B«T 


]« 


0-991 


4M45 


irt]s 


a-2a 


«44 


HIT 


frfTf 


3-010 


L^ 


enn* 


*«3 


fr5«i 


l-JSS 


WTO 


1-fW 


LVS 


3-113 


too 


fl-Ml 


1«40 


o»4 


i-»9 


0499 


1-OOS 


!»«» 


)-3U 


l-OtI 


Q-MQ 


i-Oflft 


o$flff 


1^4S! 


1«£1 


l-VH 


1*37 


**» 


tJ& 


Q-9e 


M36 


l'0]3 


S-SIT 


]-M« 


2-114 


l-OW 


3-fid2 


±■15 


I-0Q5 


I1B4 


1-037 


l-Stl 


nm 


tlW 


1-1 u 


3'?D* 


i-aft 


1-QM 


1332 


l-Ml 


]-«5 


im 


14?0 


lis 


3*3« 


1-35 


HWJ 


ISG 


l-OBJ 


low 


1'1» 


^4Q 






2"j(l 


l-OH 


1321 


1-110 


1-173 


l'J4* 


rj34 






M5 


HW7 


I'JM 


1-133 


1437 


1-174 


»44 






a'4D 


i-130 


I'W 


Lin 


i-ni 


i^n 


2-738 






3M5 


1-14J 


i-fli 


L-IEt 


l-«5 


1221 


2»0 






2-JD 


]■!« 


t'519 


1-306 


iinfl 


lljj 


l-Hi 






a'JJ 


I'lM 


]^ 


1-110 


iim 


i-ir? 


3-&14 






3Hm 


l-lLl 


I'll* 


2-1 $S 


i-»i 


^-l« 






3^ 


liM 


i-tifi} 


1-in 


lUD 


i^nt 


1-J« 






STO 


liiT 


1-711 


I'WI 


»84 


i-asj 


}-»■ 






115 


]'^ 


1^« 


1-HT 


*^4W 


i-j^ 


3-313 






2-» 


j»a 


l-tH 


]'3fJ 


2^11 


l-«M 


3-473 






1-aa 


]j» 


1-ISi 


I-3T5 


2-475 


1434 


3-S4T 






rsa 


IMS 


l-HES 


1-39* 


2Ma 


]-4dti 


3tiii9 






t^ 


J 371 


l^«0 


H» 


2-MH 


I4SI 


3-»l 






j-n 


J 394 


l-Mt 


J44T 


2-^ 


i-sn 


3-H3 






3^ 


1 *IT 


z-oti 


H73 


27JI 


1133 


3*JJ 






3^10 


1^444 


MK 


mw 


2»3 

1 


l-IW 


41Hil 
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TABLE ■?? FLEXURE — REINFORCEMENT PERCENTAGES J^OR DOUBLY 

REINFORCED SECTIONS 

















■^to- «- 


SNitaw^ 
















ay - 2V 


N^ten^ 




^'fd- 


'*M15 


d'M- 


0-14 


itfJ- 


'B-IJ 


^a- 


"020 


Hfmm* 






A 








t^ A. 


-P. 


^ 


Fu 




1- 


4 




i". 


1^11 


0-r34 


£Hnii 


0"534 


04O 


0-334 


OiMH 


0-334 


(HM 


I^IS 


frSH 


£HMO 


H'SiJ 


oiai 


Q-3U 


CHITT 


0-336 


0-121 


l'29 


O'JTJ 


CHB3 


0-577 


0-1 It 


0-380 


Q-ITP 


0"383 


0-3(2 


tu 


Ch54S 


Q-iJT 


Q-tSOfl 


D-ll^ 


O^^M 


Q-asi 


O-ilO 


0^37 


HA 


O-QI 


Q'llH 


i>43fi 


C247 


Chai 


D-JH 


S*fiJT 


B-SM 


1-34 


ei-444 


0-33* 


O-fiW 


o:[2 


MJl 


CK44S 


(H«5 


0-74^ 


1^ 


0«T 


DZK 


0-f7* 


0-3T7 


frfll 


fr341 


0«1 


0^1 


V4S 


0-^ 


0-330 


CI-69S 


0^441 


frTn 


fr£J6 


0-7IS 


I4S6 


l'» 


0-?iJ 


0'3W 


0-722 


0-31M 


frTH 


^TK 


0-H6 


1-211 


1-£S 


o-m 


0'4aT 


Q-7« 


(hSTO 


Cr7J» 


fr»a 


frT7J 


^3titi 


!■« 


t'lii 


fr47& 


ft-TPl 


1>*3J 


4-7W 


frSJS 


o«)n 


i-sitt 


t-ti 


fr^l 


*-H4 


fr?93 


D-700 


4^l» 


t«B 


441B 


I'fiTS 


t^ 


«^t04 


(1-372 


{>-Hl» 


15-754 


44H 


l-IOI 


443S 


J-A3(l 


l-TS 


*«T 


0-All 


0-«3 


D-H29 


4441 


I-I94 


4^SB2 


l-MJ 


im 


O-UO 


0<[^ 


0B67 


D-BW 


44t7 


l-»7 


*«» 


2-119 


1-1$ 


O-BTJ 


0-7t£ 


0-B9I 


O-ftHl 


0^L3 


J-3tl 


4fl3i 


l^H 


l^» 


O'tH 


Q-Tfiti 


0-Jta 


iim 


|>M* 


1-474 


e«5 


3419 


i-n 


0-»lt 


0BI4 


DHO 


l-iWS 


()■*« 


1-«7 


0-B9I 


Z'tilH 


244 


|>»I 


lhB(3i 


0-964 


1 IM 


D-»4» 


1440 


1411 


i-tn 


24J 


e-tm 


(HI J 


ons 


l-ZIT 


i-Aii 


ITSI 


I4ti 


34U 


Z'le 


O-fl? 


(hHQ 


] DI2 


9-Sil 


1440 


1-144 


1473 


3Wl 


H5 


1410 


1-DOH 


]0» 


1 Mfi 


I4« 


a-»9 


I4» 


J£U 


£» 


I-03 


1-057 


]-0£] 


1-411 


I4» 


3432 


l-JJti 


337J 


2^ 


I4W 


3-105 


10S5 


]'4T5 


111? 


2]3( 


1 JW 


3-SU 


2^ 


i<m 


1-Ii3 


]-JQ9 


1^340 


1-143 


2-219 


l-iti 


3-6lf 


2« 


1-101 


ism 


1-IU 


IjBH 


1 Id 


2-3J2 


|-»t 


3H2 


2« 


M3N 


)-!» 


] 157 


i-4fi9 


] l$l 


1-40S 


IJJ» 


)-9H 


^4S 


1^7 


]?» 


]-|fll 


1-TM 


1-31* 


2-4** 






2-» 


J-l^ 


1-*IT 


l-JW 


1-W9 


l-HS- 


i'SSi 






2-39 


]m 


I'JSS 


J'J» 


I'M 


1'2I1 


2-«4 






i*> 


1-19 & 


i^44 


L-Ji4 


I^B 


i-S6 


l-tTJ 






2M 


t-2>» 


t^wt 


J-J7« 


l-»3 


i'iS 


3^n 






210 


]-2ti2 


l'54l 


t-ws 


JWT 


l'JI7 


2-»«4 






*TS 


I-IU 


1t3I9 


t-«i 


MS 


I-JT3 


31ki7 






MD 


viffj 


H3T 


l-SM 


i-lM 


1-J« 


3-lH 






2« 


J -330 


h«fi 


1-37* 


^5JI 


ma4 


5-245 






2-K 


1-^33 


l-TM 


l'3» 


Wii 


]MH 


3-3» 






2'H 


i-37e 


ITU? 


M3^ 


I-IK 


f*n 


3-439 






a* 


l-3» 


1131 


1-447 


^4+5 


IJOJ 


3-S21 






Md 


l-m 


im 


i^TI 


J-JtA 


JUi 


3^5 






MO 


1-44^ 


1^99 


HW 


5'3T4 


1-332 


3-™ 






3U 


|-4«t 


l-SM 


1320 


r«i 


l'37S 


3-ia 






}■» 


|-4» 


IflB 


IM4 


i-w 


lfi(B 


3-^J 






s-a 


L-II3 


1473 


l-Hl 


2-7«« 


1 &29 


3-4tt 






14) 


lilti. 


2-I22 


l'J»I 


»33 


!-fiS4 


4-aii 
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WOMOHesiFEK METHOD 
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TAfil^ "W FLEXURE — REINFORCEMENT PERCENTAGES FOR POUBLY 

BLE[ba^ltC£D SECnONS 

















^- 


lot! H/mn^ 
















'mMwm 


i» Pi/nm* 


^£i. 




^/rfwIHH 






d-fJ^O-JS 


' f. 


J^ ' 


n^ 


J-ii ^ 


'ft 


1 




IT 


j-|t 


tt^M 


(HKH 


fr4n 


OflOT 


**» 


0411 


-IM31 


0*1T 


]•!} 


0441 


IMH^ 


<Hiin 


frMO 


<^«J1 


crtu 


«n 


0-Hl 


i-m 


WTI 


OHM 


»«M 


*m 


**™ 


0-l» 


o*w 


frl» 


!•*& 


MH 


frl4) 


IHW 


o-iw 


0^02 


«T4 


O-lNff 


0+9fi 


l-JO 


0-TlT 


o-in 


tt-m 


4MH 


4-79 


0-141 


D-734 


infill 


i'» 


**» 


DhMJ 


0-MS 


0-121 


*1» 


0^4} 


0-741 


frTW 


i-tt 


*7B 


*3» 


frTra 


0-117 


j-rw 


W37 


0-TH 


0«5 


]-«» 


'(KTH 


MM 


*?M 


*4« 


*»* 


Mdl 


M13 


l-OtE 


IW 


fr«» 


WtT 


0-.ll» 


0-5 J T 


*i» 


0-743 


0*41 


i-zn 


l^S 


*MI 


fr43ti 


UMi 


frJW 


0^431 


«»» 


frtW 


I-39J 


l-H 


1>V* 


l>4U 


frBCT 


a-M 


OUl 


fr»4 


frB7 


■-»■ 


l-H 


f>9T7 


&^ 


&lil 


frTIJ 


Drfcrr 


1-028 


MM 


l-70t 


l-» 


<Hmn 


fyai 


0^19 


OTW 


0411 


MH 


04SI 


i'US 


I'M 


(MSJ 


Mil 


(Ml» 


OS44 


(h»5l 


l-2l« 


sriiTi 


1431 


im 


»«lfi 


{hMl 


0464 


Q-9ID 


o-gci 


iw 


I^OOf 


2'1?« 


i-fis 


&9€» 


frTM 


0-9B 


MW 


J-0» 


|^4« 


J-039 


i^m 


PW 


&m 


frTTS 


1411 


1-040 


J-OH 


1^499 


HHQ 


1^1 


Mi 


tiDtS 


Orca 


]43« 


J-IW 


l-OM 


1-5M 


]-«7 


M*7 


2:» 


H137 


frin 


l-HO 


J-ITJ 


J-OBb 


t-iei 


1-114 


2«h 


2U 


1-«D 


frSU 


IW4 


J-137 


MiJ 


i'7Bl 


i-m 


14U 


2-» 


nm 


(HTJJ 


IJOfl 


MOS 


ri37 


iwtn 


i't49 


3-117 


i:S 


I'lH 


1-034 


I'JJJ 


l-UT 


IIU 


i-m 


1-lSS 


3-271 


JiJ9 


1-WJ 


llfl" 


1-433 


J-]» 


Z^H4 


I-m 


14» 


1-41 


lr|Jl 


im 


I'lll 


|-4tt 


I'liJ 


2154 


a ?m 


jnti 


2-^» 


I'lTI 


1 ITl 


l-^OS 


l-i64 


t-2J* 


Jin 


I-m 


1-74S 


Z^ 


IJH 


i-x» 


J-Sf 


!-£» 


l-2£d 


1-341 


l-VH 


3-199 


2« 


I'BD 


|-ZG» 


l»3 


1-tfi 


I-ISQ 


2-44I 






t& 


IIU 


1 311 


|-2?t 


i-no 


l-Jlf 


ins 






2-76 


]■£« 


i-3irr 


I-U2 


1-&3 


1-341 


2-4» 






ITS 


]±t« 


]-4iii 


l-31f 


!■*» 


J'MT 


1-723 






2-n 


1113 


1441 


1-150 


I-Hti 


i-»i 


1-J±t 






2tS 


a^^f 


13 14 


1-JM 


2f2l 


1-411 


»«2 






2-n 


Mil 


1 HO 


J-JH 


!*«? 


l'444 


34W 






2-HI 


a »i 


l'»li 


1^423 


2^lfl 


tm 


3109 




" 


3« 


1-404 


l'»l 


H47 


J2IT 


t49i 


i-m 




r- ' 


H# 


lUf 


J-Hfl 


i-tii 


3-»l 


1 IS 


3249 






I'M 


1449 


I't34 


i-mt 


J'Jfl 


1 SM 


J-IU 






iif 


1472 


r»t 


1-JI9 


141+ 


I3T2 


3M77 






3-9 


I4» 


JlK 


1^3 


iATt 


im 


1-J71 






3-25 


I-3II 


l-H» 


i-m 


1W4 


1421 


3-«U 






3-30 


J-»] 


1-fM 


i-sn 


1<I0 


1 544 


J-7» 






334 


1 9$4 


KfOH- 


^■*ii 


2-fla 


l£74 


J-^H 






34 


1 SST 


^asi 


1^640 


2T40 


1 fiH 


J^4i 






3^4i 


1609 


2-101 


^^6fi4 


J-WW 










3'» 


1-631 


2r|» 


l^M 


i-m 
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WORKING STRESS METHOD 





TABLE 80 SHEAR 


— PERMISSIBLE SHEAR STRESS IN CONCRETE, 


Tc, N/mm« 


100>l*t 








ORADB of CONOIETB 






W 














MIS 


M20 


M25 


M30 


M3S 


M40 


0-20 


0*20 


0-20 


0-21 


0-21 


0-21 


0-21 


0*30 


0*24 


0-24 


0-25 


0*25 


0-25 


0-25 


0*40 


0-27 


0-27 


0-28 


0-28 


0-29 


0-29 


0-50 


0-29 


0-30 


0-31 


0*31 


0-31 


0*32 


0*60 


0*31 


0-32 


0-33 


0-33 


0-34 


0-34 


0-70 


0-33 


0-34 


0-35 


0-36 


0-36 


0-37 


0-80 


0-34 


0-36 


0-37 


0-38 


0-38 


0*39 


0-90 


0-36 


0-37 


0-39 


0-39 


0-40 


0-41 


100 


0-37 


0-39 


0-40 


041 


0-42 


0-42 


110 


0-38 


0-40 


0-42 


0-43 


0-43 


0-44 


1-20 


0*40 


0-41 


0-43 


0-44 


0-45 


0-45 


1-30 


0-41 


0*43 


0-44 


0-45 


0-46 


0-47 


1*40 


0-42 


0*44 


0-45 


0-46 


0-47 


0-48 


1*50 


042 


0-45 


0-46 


0-48 


0-49 


0-49 


1*60 


ft43 


0-46 


0*47 


0-49 


0-50 


0-51 


1-70 


d^44 


0-47 


0-48 


0-50 


0-51 


0-52 


1-80 


0-44 


0-47 


0-49 


0-51 


0-52 


0-53 


1*90 


0-44 


0-48 


0-50 


0*52 


0-53 


0*54 


2-00 


0*44 


0-49 


0-51 


0-53 


0-54 


0-55 


2-10 


0-44 


0-50 


0-52 


0-54 


0-55 


0-56 


2-20 


0*44 


0-51 


0*53 


0*54 


0-56 


057 


2-30 


0-44 


0-51 


0-53 


0-55 


0-57 


0-58 


2-40 


0-44 


0-51 


0-54 


0-56 


0-57 


0-59 


2*50 


0-44 


0-51 


0-55 


0-57 


0-58 


0-60 


2*60 


0-44 


0-51 


0*56 


0*57 


0-59 


0-60 


2-70 


0-44 


0-51 


0-56 


0-58 


0-60 


0-61 


2-80 


0-44 


0-51 


0-57 


0-59 


0-60 


0-62 


2*90 


0-44 


0-51 


0-57 


059 


0-61 


0-63 





TABLE 81 SHEAR — VERTICAL STIRRUPS 

V 

Values of -4 for two legged stirrups, IcN/cm 







<Ttv = 


= 140N/mm« 






OtV>- 


230 N/mm« 




Sniuii;? 










biAMsnu. mm 




Spaono, 

cm 


















6 


8 


10 


1? 


6 


8 


10 


12 • 


5 


1-583 


2*815 


4-398 


6-333 


2-601 


4.624 


7-226 


10-405 


6 


1-314 


2-346 


3-665 


5-278 


2168 


3.854 


6-021 


8-671 


7 


1-131 


2-011 


3142 


4-524 


1-858 


3.303 


5-161 


7-432 


8 


0-990 


1*759 


2-749 


3-958 


1-626 


2.890 


4-516 


6-503 


9 


0-880 


1-564 


2-443 


3-519 


1-445 


2-569 


4-014 


5-781 


10 


0-792 


1*407 


2199 


3-167 


1-301 


2-312 


3-613 


5-202 


11 


0-720 


1*279 


1-999 


2-879 


1182 


2102 


3-284 


4-730 


12 


0-660 


1173 


1-833 


2-639 


1084 


1-927 


3-012 


4-335 


13 


0-609 


1*083 


1-692 


2-436 


1-000 


1-779 


2-779 


4-002 


14 


0-565 


1-OOi 


1-571 


2-262 


0-920 


1-652 


2-580 


3-716 


15 


0-528 


0-938 


1-466 


2111 


0-867 


1-541 


2-409 


3-468 


16 


0-495 


0-880 


1*374 


1-979 


0-813 


1-445 


2-258 


3-252 


17 


0-466 


0-828 


1-294 


1-863 


0-765 


1-360 


2125 


3-060 


18 


0-440 


0-782 


1-222 


1-759 


0-723 


1-285 


2-007 


2-890 


19 


0-417 


0*741 


1157 


1-667 


0-605 


1-217 


1-901 


2-738 


20 


0*396 


0*704 


1100 


1*583 


0-650 


1156 


1-806 


2-601 


25 


0-317 


0-563 


0-880 


1-267 


0-520 


0-925 


1-445 


2-081 


30 


0*264 


0*469 


0-733 


1056 


0-432 


0*771 


1-204 


1*734 


%S 


0-226 


0*402 


0-628 


0-905 


0-372 


0-661 


1-032 


1-486 


40 


0*198 


0*332 


0*550 


0-792 


0-325 


0*578 


0-903 


1-301 


45 


0*176 


0*313 


0*489 


0-704 


0-289 


0-514 


0-803 


M56 
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TABLE 82 SHEAR — BENT UP BARS 

Value&4>f F, for sbgle bar, kN 

Bar <^*v = 140 N/mm* up to 20 mm aiameter 

Diameter, =130 N/mm* ovn* 20 mm diameter 

mm 4 I A I -II I ■ I ■ ^ 

tt=45° ct=60' 

10 7-78 9-52 

12 11-20 13-71 

16 19-90 24-38 

18 2519 30-86 

20 31-10 3809 

22 34-94 42-80 

25 4512 55-26 

28 56-60 69-32 

32 73-93 90-54 

36 93-57 114-60 

Note — ■ is the angle between the bent up bar and the axis of the member. 





»iv=230N/mm» 

>. -. — ..i^ 


a=45» 


«=60' 


12-77 
18-39 
32-70 
41-39 
5109 


15-64 
22 53 
40-05 
50-69 
62-58 


61-82 

79-83 

100-14 

130-80 

165-54 


75-72 

97-77 

122.65 

160.19 

202-75 



TABLE 83 DEVELOPMENT LENGTH FOR PLAIN BARS 

«T«,= 140 N/mm* for bars up to 20 mm diameter 
= 130 N/mm* for bars over 20 mm diameter 
o^ = 130 N/mm* for all diameter 

Tabulated values are in centimetres. 







Tension Bars 






Compression Bars 
Grade of Concrete 




Bar 

DlAMETKR, 

nun 


Grade of Concrete 

A. 




M15 


M20 




M25 


M30 


M15 


M20 


M25 


M30 


6 

8 

10 

12 


350 
46-7 
58-3 
700 


26-3 
350 
43-8 
52-5 




23-3 
31-1 
38-9 
46-7 


210 
28-0 
350 
420 


260 
34-7 
43-3 
520 


19-5 
260 
32-5 
390 


17-3 
23-1 
28-9 
34*7 


15-6 
20-8 
260 
31-2 


16 
18 
20 
22 


93-3 
1050 
116-7 
119-2 


70-0 
78-8 
87*5 
89-4 




62-2 
70-0 
77-8 
79-4 


560 
63-0 
700 
71-5 


69-3 
780 
86-7 
95-3 


52-0 
58-5 
65-0 
71-5 


46-2 
52-0 
57-8 
63-6 


41-6 
46-8 
52-0 
57-J 


25 
28 
32 
36 


135-4 
151-7 
173-3 
195-0 


101-6 
113-8 
130-0 
146-3 




90-3 
101-1 
115-6 
130-0 


81-3 

910 

1040 

1170 


108-3 
121-3 
138-7 
1560 


. 81-3 

910 

1040 

117-0 


72-2 

80-9 

92-4 

1040 


650 
72-8 
83-2 
93-6 
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WORKrNG STRESS METHOD 



TABLE 84 DEVELOPMENT LENGTH FOR DEFORMED BARS 

Tabulated values are in centimetres. 



















230 N/mm» 
190 N/mm» 






Tension Bars 






Compression Bars 
Grade of Concrete 




Bar 
Diameter, 

mm 


Grade of Concrete 




M15 


M20 


M25 


M30 


M15 


M20 


M25 


M30 


6 
8 

10 
12 


41-1 
54-8 
68-5 
821 


30-8 
41-1 
51-3 
61-6 


27-4 
36-5 
45-6 
54-8 


24-6 
32-9 
41-1 
49-3 


27-1 
36-2 
45-2 

54-3 


20-4 
27-1 
33-9 
40-7 


18-1 
241 
30-2 
36-2 


16-3 
21-7 
27-1 
32-6 


16 
18 
20 
22 


109-5 
123-2 
136-9 
150-6 


821 

92-4 

102-7 

112-9 


73-0 

82-1 

91-3 

100-4 


65-7 
73-9 
82-1 
90-4 


72-4 
81-4 
90-5 
99-5 


54-3 
61-1 
67-9 
74-6 


48-3 
54-3 
60-3 
66-3 


43-4 
48-9 
54-3 
59-7 


25 
28 
32 
36 


171-1 
191-7 
219-0 
246-4 


128-3 
143-8 
164-3 
184-8 


1141 
127-8 
146-0 
164-3 


102-7 
1150 
131-4 
147-9 


1131 
126-7 
144-8 
162-9 


84-8 

950 

108-6 

1221 


75-4 

84-4 

96-5 

108-6 


67-9 
760 
86-9 

97-7 



TABLE 85 DEVELOPMENT LENGTH FOR DEFORMED BARS 

Tabulated values are in centimetres. 



















275 N/mm* 
190 N/mm« 






Tension Bars 






Compression Bars 
Grade of Concrete 




Bar 


Grade of Concrete 




mm 


M15 


M20 




M25 


M30 


M15 


M20 M25 


M30 


6 

8 

10 

12 


49-1 
65-5 
81-8 
98-2 


36-8 
49-1 
61-4 
73-7 




32-7 
43-7 
54-6 
65-5 


29-5 
39-3 
491 
589 


27-1 
36-2 
45-2 
54-3 


20-4 18-1 
27-1 24-1 
33-9 30-2 
40-7 36-2 


16-3 
21-7 
27-1 
32-6 


16 
18 
20 
22 


1310 
147-3 
163-7 
180-1 


98.2 
110-5 
122-8 
135-0 




87-3 

98-2 

1091 

120-0 


78-6 

88-4 

98-2 

1080 


72-4 
81-4 
90-5 
99-5 


54-3 48-3 
61-1 54-3 
67-9 60-3 
74-6 66-3 


43-4 
48-9 
54-3 
59-7 


25 
28 
32 
36 


204-6 
229-2 
261-9 
294-6 


153-5 
171-9 
196-4 
221-0 




136-4 
152-8 
174-6 
196-4 


122-8 
137-5 
157-1 
176-8 


113-1 
126-7 
144-8 
162-9 


84-8 75-4 

95-0 84-4 

108-6 96-5 

122-1 108-6 


67-9 
760 
86-9 

97-7 
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7. DEFLECTION CALCULATION 



7.1 EFFECTIVE MOMENT OF 
INERTIA 

A method of calculating the deflections is 
given in Appendix E of the Code. This 
method requires the use of an effective 
moment of inertia I^ given by the following 
equation 

but, /r</«(r</|r 

where 

/r is the moment of inertia of the cracked 
section; 

/cr/gr 



Mt is the cracking moment, equal to 



yx 



where 

fa'n the modulus ofruptureof con* 
Crete, /gr is the moment of inertia of 
the gross section neglecting the re- 
inforcement and yt is the distance 
from the centroidal axis of the 
gross section to the extreme fibre in 
tension; 

M is the maximum moment under service 
loads; 

z is the lever arm; 

d is the effective depth; 

X is the depth of neutral axis; 

Aw is the breadth of the web; and 

b is the breaddi of the compression face. 

The values of x and z are those obtained 
by elastic theory. Hence z '^ d — x/S for 
rectangular sections; also b ^bw for rec- 
tangular sections. For flanged sections where 
the flange is in compression, b will be equsd 
to the flange width bt. The value of z for 
flanged beams will depend on the flange 
dimensions, but in order to simplify the 
calculations it is conservatively assumeid the 
value of z for flanged beam is also d — x/3. 
With this assumption, the expression effec- 
tive moment of inertia may be written as 
follows: 



The chart takes into account the condition 

/eff 

-f- > 1. After finding the value of Afrit has 

to be compared with V and the lower of 
the two values should be used for calcula- 
ting the deflection. 

For contiauous beams, a weighted average 
valu6 of Ittr should be used, as given in 
3-2.1 of the Code. 



7.2 SHRINKAGE AND CREEP 
DEFLECnONS 

Deflections due to shrinkage and creep can 
be calculated in accordance with clauses B-3 
and B-4 of the Code. This is illustrated in 
Example 12. 



Example 12 Check for deflection 

Calculate the deflection of a cantilever 
beam of the section designed in Example 3, 
with further data as given below: 

Span of cantilever 4-0 m 

Bending moment at service 210 kN.m 
loads 

Sixty percent of the above moment is due to 

eermanent loads, the loading being distri- 
uted uniformly on the span. 



"nr 



_ 300 X (600) 
12 



5-4xl0»mm* 



From clause 5.2,2 of the Code, 
Flexurai tensile strength, 

U-=01y/J^ N/mm» 
/cr - 0-7 VIJ - 2-71 N/mm« 
600 
2 



yt = Z)/2 



300 mm 



A/r- 



/cr/gr 2-71 X 5-4 X 10* 



/cff 
It 



1 



but, 



Air 

/r 



yt ISO" 

- 4-88 X 10» N.mm 

d'Jd - f^iS") - 0<X57 

^ . — ~-^^ i x\K \56-25 / 

^'^~~g\}~' ~Sd)\ * ~ J/'bT '^'f'^ " ^'^^ ^^ ^ "^ *° referringto Tables. 

From 5.2 J.l of the Code, 
Ec =5700 V^rN/mm« 

- 5 700 >/ 15 «« 22-1 X 10» N/mm« 
E, - 200 kN/mm* = 2 x 10^ N/mm* 
2 X 105 



>I 



and /efr < /r 
Chart 89 can be used for finding the value of 

left 

-y^ in accordance with the above equation. 



m 



EjEc « 



22- 1 X 10» 



= 905 
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From Example 3, 

/?, = 1.117./?, = 0.418 

pXm - l)/(p, m) - (0.418 X 8.05)/ 

(1.117X9.05) = 0.333 
pym = 1.117X9.05= 10.11 

Referring to Table 87, 

IJ ibd' I \2) = 0.720 
.-. A = 0.720 X 300 X (562.5)V 12 
= 3.204 X 10' mm" 

Referring to Table 91, 

- = 033S 
a 

Moment at service load, M^2\0 kN.m 
= 21.0 X 10^ N.mm 

4.88 X 10^ 

^'''^' = 2nnnF = ''-"^ 

Referring to Chart 89. 

W/r=1.0 
.-. /,n- /, = 3.204 X 10' mm' 
For a cantilever with uniformly distributed 
load, 

Elastic deflection = - -z^— 
4 £/ci( 

^ 2 1.0 X 10' X (4000)' 

4 X 22.1 X 10^ X 3.204 X 10' 
= n.86 mm ...(1) 

Deflection due to shrinkage {see clause B-3 
of the Code): 

a.. = A, ^„ /- 

ks -0,5 for cantilevers 

p, = I.I17,pc = 0.418 

A -p. - 1.117 -0.418 = 0.699 < 1.0 



sJT.ni 

= 0.476 

In the absence of data, thp value of the 
ultimate shrinkage strain f,, is taken as 
0.000 3 as given in 5.2.41 of the Code. 

D = 600 mm 
.*. Shrinkagecurvature^cs = A:^ ^ 



0.476 X 0.000 3 
600 



= 2.38 X 10' 



Deflection due to creep, 

Otc [perm) ^icc {perm) ~ O; {perm\ 

In the absence of data, the age at loading 
is assumed to be 28 days and the value of 
creep coefficient, 6 is taken as 1.6 from 
5.2.5.1 of the Code. 



t^ct 



£ 



1 +e 
22.1 X 10' 



m 



= 8.5X 10' N/mm' 
3 = 23.53 



a,s = 0.5 X 2.38 X 10 ' X (4 000)' 
- 1.90 mm 



...(2) 



1 + 1.6 

£, _ 2 X 10' 
£.e 8.5 X 10 
/7, = 1.117, p, =0.418 
Pc (m - l)/{p,m) = 0.418(23.53 - 1)/ 
(1.117X23.53) 
= 0.358 

Referring to Table 87, 

I,j{bd'l\T)= 1.497 
A= 1.497 X 3()0(562.5)Vl2 
= 6.66 X 10' mm' 

A ^ /eff ^ /gr 

6.66 JX 10'^ /,r, JS5.4X 10' 
.-. /eff = 5.4 X 10' mm' 

^icc (pcnn\ - Initial plus creep deflection due to 
permanent loads obtained using the 
^bove modulus of elasticity 

^ 1 Mf 

4 EcJm 
_ 1 ^ (0.6X21 X 10^) (4 000)^ 

4 8.5 X 10' X 5.4 X 10' 
= 10.98 mm 

«i (per.m = Short term deflection due to 
permanent load obtained using E^ 

= 1 X ( 06X21 X 10^) (4 OOP)' 
4 22.1 X 10' X 3.204 X lO' 
= 7.12 mm 

••• ^.c(;,.™» = 10.98 - 7.12 = 3.86 ...(3) 

". Total deflection (long term) due to initial 
load, shrinkage and creep 

= 1 1.86 + 1.90 + 3.86 = 17.62 mm. 

According to 22.2(a) of the Code the final 
deflection should not exceed span/ 250. 

Permissible deflection = = 16 mm. 

The calculated deflection is only slightly 
greater than the permissible value and hence 
the section may not be revised. 
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Chart 8B MOMENT OF INERTIA OF T - BEAMS 
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Chiit 89 EFFECTIVE MOMENT OF INERTIA FOR 
CALCULATING DEFLECTION 
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Chart 90 PERCENTAGE. AREA AND SPACING DF BARS 
IN SLABS 
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» UtE C^FCCTIVE DEPTH OR OVERALL WHICHEVER IS USED FOR CALCULATING p 
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Chart 91 EFFECTIVE LENGTH OF COLUMNS-- 
Frame RMrainetf Against Sway 




FIXED 



0-1 0-2 OO 0*4 0' 



o 
111 



5 0»6 0-7 0-6 0-9 1-0 



o 



»,aiKlfc.retbevaluBof»attlietepM<lboiioniof(liecoluinnwh«.«- *"' ... 
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Chart 92 EFFECTIVE LENGTH OF COLUMNS - 
Frame Without Restraint to Sway 



HINOED 1*0 



FIXED 0\ 




o 

UJ 
X 



0*1 0*2 0*3 0*4 0«5 0*6 0*7 0*8 0*9 1*0 



o 
u 
o 



^and 9, are the values of ^ at the top and bottom of the column, where ^^ ^^ -fWh * ^^ summation being 
done for the memben framing into a joint; Kg and JTb are the flexural stiffnesses of column and beam respectively. 



DEPLBCnON CALCULATION 



219 





TABLE 86 MOMENT OF INERTIA — VALUES OF bd*/n 000 
















6, cm 










d,cm 
























10 


15 


20 


25 


30 


35 


40 


45 


50 


10 


08 


12 


1-7 


21 


2-5 


2-9 


33 


3-7 


4-2 


11 


11 


1-7 


2-2 


2-8 


3-3 


39 


4-4 


50 


5-5 


12 


1-4 


2-2 


2-9 


3-6 


4-3 


50 


5-8 


&5 


7-2 


13 
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3-7 


4-6 
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9-2 


14 


2-3 
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4-6 
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6-9 


80 


9-1 


10-3 


11-4 


15 
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70 
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9-8 
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14-1 


16 
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51 
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13-7 


15 4 
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41 
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18 


4-9 
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9-7 


121 


14-6 


17-0 


19-4 
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19 
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8-6 


11-4 


14-3 


171 


20-0 


22-9 


25-7 


28-6 


20 


6-7 


100 


13-3 


16-7 


200 


23-3 


26-7 


300 
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21 
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25 
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26 


14-6 


220 
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16-4 


24-6 


32-8 


410 
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45-7 
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82-3 


91-5 


29 


20-3 


30-5 


40-6 


50-8 


610 
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81-3 


91-5 


101-6 


30 


22-5 


33-8 


450 


56-3 
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40 


53-3 


800 


106-7 


133-3 


1600 
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213-3 
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TABLE 87 MOMENT OF INERTIA OF CRACKED SECTION — 

VALUES OF /r/(^ 

/»c(m— l)/(/>tm) 
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8-5 


0-601 


0-610 


0-617 


0-625 


0-632 


0-646 


0*659 


0-670 


9-0 


0-628 


0-637 


0-645 


0-654 


0-66? 


0-677 


0-691 


0-704 


9-5 


0-653 


0-663 


0-673 


0-682 


0-691 


0-708 


0-723 


0-738 


10-0 


0-678 


0-689 


0-700 


0-710 


0-720 


0*738 


0*755 


0-771 


10-5 


0-703 


0-715 


0-727 


0*738 


0-748 


0-769 


0-787 


0-804 


11-0 


0-727 


0-740 


0-753 


0-765 


0-777 


0-798 


0-818 


0-837 


11-5 


0-750 


0-764 


0-778 


0-792 


0-804 


0-828 


0-850 


0-869 


12-0 


0-773 


0-789 


0-804 


0-818 


0-832 


0-857 


0-880 


0-902 


12-5 


0*795 


0-812 


0-829 


0-844 


0*859 


0-886 


0-911 


0-934 


130 


0-818 


0-836 


0-853 


0-870 


0-885 


0-915 


0-942 


0-966 


13-5 


0839 


0-859 


0-877 


0-895 


0-912 


0-943 


0-972 


0-998 


140 


0-860 


0-881 


0-901 


0-920 


0-938 


0-972 


1-002 


1-030 


14-5 


0-881 


0-904 


0-925 


0-945 


0-964 


1-000 


1-032 


1-061 


15-0 


0-9f2 


0926 


0-948 


0-969 


0-990 


1-027 


1-062 


1-093 


15-5 


0-922 


0-947 


0-971 


0-994 


1-015 


1*055 


i-091 


1-124 


160 


0-942 


0-968 


0-994 


1-018 


1-040 


1-083 


1121 


1-155 


17-0 


0-980 


1-010 


1038 


1-065 


1-090 


1-137 


1*179 


1*217 


18-0 


1018 


1-051 


1-082 


1-111 


1-139 


1191 


1*237 


1*278 


19-0 


1-054 


1-090 


1-125 


1-157 


1 188 


1-244 


1-294 


1-340 


200 


1-089 


1-129 


1-166 


1-202 


1-235 


1-296 


1*351 


1-400 


210 


1123 


1-167 


1-207 


1-246 


1-282 


1-348 


1*408 


1*461 


220 


1-156 


1-203 


1-248 


1-289 


1-328 


1-400 


1-464 


1*521 


23 


1-188 


1-239 


1-287 


1-332 


1-374 


1-451 


1*519 


1*581 


240 


1-220 


1-274 


1-326 


1-374 


1-419 


1-502 


1*575 


1*640 


250 


1-250 


1-309 


1-364 


1-415 


1*464 


1*552 


1*630 


1*699 


260 


1-280 


1-342 


1-401 


1-456 


1-508 


1-602 


1*685 


1-758 


270 


1-308 


1-376 


1-438 


1-497 


1-552 


1*651 


1*739 


1*817 


28-0 


1-337 


1-408 


1-475 


1-537 


1-595 


1-701 


1-794 


1-876 


290 


1-364 


1-440 


1-510 


1-576 


1-638 


1-750 


1-848 


1-934 


300 


1-391 


1-471 


1-546 


1-615 


1-681 


1-798 


1-902 


1993 
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TABLE 88 MOMENT OF INERTIA OF CRACKED SECTION — 

fhd*\ 



VALUES OF /r/(Y5-) 



lhtim—l)f{p^m) 



d'/d^O'lO 



/irn 


e— ■- ■' ■" ■ 

00 


0-1 


0-2 


0-3 


0-4 


0-6 


0-8 


10 


10 


0100 


0100 


0-100 


0-100 


0-100 


0-100 


0100 


0100 


1-5 


0143 


0-143 


0-144 


0-144 


0144 


0-144 


0144 


0-144 


20 


0185 


0-185 


0-185 


0-185 


0-185 


0186 


0186 


0186 


2-5 


0-224 


0-224 


0-225 


0-225 


0-225 


0-226 


0-226 


0-227 


30 


0-262 


0-262 


0-263 


0-263 


0-263 


0-264 


0-265 


0-266 


3-5 


0-298 


0-298 


0-299 


0-300 


0-300 


0-302 


0-303 


0-304 


40 


0-332 


0-333 


0-334 


0-335 


0-336 


0-338 


0-340 


0-341 


4-5 


0-366 


0-367 


0-369 


0-370 


0-371 


0-373 


0-376 


0-378 


50 


0-398 


0-400 


0-402 


0-403 


0-405 


0-408 


0-411 


0-413 


5-5 


0-430 


0-432 


0-434 


0-436 


0438 


0-442 


0-445 


0-448 


60 


0-460 


0-463 


0-466 


0-468 


0-470 


0-475 


0-479 


0-483 


6-5 


0490 


0-493 


0-496 


0499 


0-502 


0-507 


0-512 


0-517 


7-0 


0-519 


0-523 


0-526 


0-530 


0-533 


0-539 


0-545 


0-550 


7-5 


0-547 


0-551 


0-556 


0-560 


0-563 


0-571 


0-577 


0-583 


8-0 


0-575 


0580 


0-584 


0-589 


0-593 


0-601 


0-609 


0-616 


8-5 


0-601 


0-607 


0-612 


0-618 


0-622 


0-632 


0-640 


0648 


90 


0-628 


0-634 


0-640 


0-646 


651 


0-662 


0-671 


0-680 


9-5 


0-653 


0-660 


0-667 


0-673 


0-680 


0-691 


0702 


0-712 


100 


0-678 


0-686 


0-693 


0-701 


0-708 


0-720 


0-732 


0-743 


10 5 


0-703 


0-711 


0-720 


0-727 


0-735 


0749 


0-762 


0-774 


no 


0-727 


0-736 


0-745 


0-754 


0-762 


0-778 


0-792 


0-805 


115 


0-750 


0-760 


0-770 


0-780 


0-789 


0-806 


0-822 


0-836 


120 


0-773 


0-784 


0-795 


0-805 


0-815 


0-834 


0-851 


0-866 


12-5 


0-795 


0-808 


0-820 


0-831 


0-841 


0-861 


0-880 


0-896 


130 


0-818 


0-831 


0-844 


0-856 


0-867 


0-889 


0-908 


0-926 


13-5 


0-839 


0854 


0-867 


0-880 


0-893 


916 


0-937 


0-956 


140 


0-860 


0-876 


0-891 


0-905 


0-918 


0-943 


0-965 


0-986 


14-5 


0-881 


0-898 


0-914 


0-929 


0-943 


0-969 


0993 


1-015 


150 


0902 


0-920 


0-936 


0-952 


0-968 


0-996 


1-021 


1H)44 


15-5 


0-922 


0-941 


0-959 


0-976 


0-992 


1-022 


1-049 


1074 


16 


0-942 


0962 


0-981 


0-999 


1016 


1048 


1-077 


1103 


170 


0-980 


1003 


1-024 


1-045 


1-064 


1-099 


1-131 


1-160 


180 


1018 


1-043 


1-067 


1089 


1111 


1150 


1185 


1-217 


19-0 


1054 


1-082 


1-ioe 


1133 


1157 


1-200 


1-239 


1-274 


200 


1-089 


1120 


1149 


1176 


1-202 


1-249 


1-292 


1-330 


210 


1123 


1-157 


1-189 


1 218 


1-247 


1-298 


1-344 


1-386 


220 


1-156 


1193 


1-227 


1-260 


1-291 


1-347 


1-396 


1-441 


230 


1188 


1-228 


1-266 


1-301 


1-334 


1-394 


1-448 


1*496 


24-0 


1-220 


1-263 


1-303 


1-341 


1-377 


1-442 


1-500 


1-551 


25-0 


1-250 


1-296 


1-340 


1-381 


1-419 


1-489 


1-551 


1606 


260 


1-280 


1-329 


1-376 


1420 


1-461 


1-535 


1-601 


1-660 


27-0 


1-308 


1-362 


1-412 


1-458 


1-502 


1-582 


1-652 


1-714 


280 


1-337 


1-394 


1-447 


1-496 


1-543 


1-627 


1-702 


1-768 


290 


1-364 


1-425 


1-481 


1-534 


1-583 


1-673 


1-752 


1-821 


300 


1-391 


1-455 


1-515 


1-571 


1-623 


1-718 


1-801 


1-875 
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TABLE 89 MOMENT OF INERTIA OF CRACKED SECTION — 



VALUES OF hi 



[^) 



d'ld=Q'l5 











Pdim- 


-DliPtm) 








Piin 


0-0 


o-i 


0-2 


0-3 


0-4 


0-6 


0-8 


10 


10 


0100 


0100 


0-100 


0-100 


0100 


0-100 


0100 


0100 


1-5 


0-143 


0-143 


0-143 


0-143 


0143 


0-143 


0143 


0-143 


20 


0185 


0-185 


0-185 


0185 


0185 


0185 


0-185 


0-J85 


2-5 


0-224 


0-224 


0-224 


0-224 


0-224 


0-224 


0-225 


0-225 


3-0 


0-262 


0-262 


0-262 


0-262 


0-262 


0-262 


0-263 


0-263 


3-5 


0-298 


0-298 


0-298 


0-298 


0-299 


0-299 


0-300 


0-300 


40 


0-332 


0-333 


0-333 


0-334 


0-334 


0-335 


0-336 


0-336 


4-5 


0-366 


0-367 


0-367 


0-368 


0-368 


0-369 


0-371 


0-372 


5-0 


0-398 


0-399 


0-400 


0-401 


0-402 


0-403 


0-405 


0-406 


5-5 


0-430 


0-431 


0-432 


0-433 


0-434 


0-436 


0-438 


0-440 


60 


0-460 


0-462 


0-463 


0-465 


0-466 


0-468 


0-471 


0-473 


6-5 


0-490 


0-492 


0-494 


0-495 


6-497 


0-500 


0-503 


0-505 


7-0 


0-519 


0-521 


0-523 


0-525 


0-527 


0-531 


0-534 


0-537 


7-5 


0-547 


0-550 


0-552 


0-555 


0-557 


0-561 


0-565 


0-569 


80 


0-575 


0-578 


0-581 


0-583 


0-586 


0-591 


0-596 


0-600 


8-5 


0-601 


0-605 


0-608 


0-611 


0-614 


0-620 


0-626 


0-631 


90 


0-628 


0-632 


0-635 


0-639 


0-643 


0-649 


0-655 


0-661 


9-5 


0-653 


0-658 


0-662 


0-666 


0-670 


0-678 


0-685 


0-691 


10-0 


0-678 


0-683 


0-688 


0-693 


0-697 


0-706 


0-713 


0-721 


10-5 


0-703 


0-708 


0-714 


0-719 


0-724 


0-733 


0-742 


0-750 


110 


0-727 


0-733 


0-739 


0-745 


0-750 


0761 


0-770 


0-779 


11-5 


0-750 


0-757 


0-764 


0-770 


0-776 


0-788 


0-798 


0-808 


12-0 


0-773 


0-781 


0-788 


0-795 


0-802 


0-814 


0-826 


0-836 


12-5 


0-795 


0-804 


0-812 


0-820 


0-827 


0-841 


0-853 


0-865 


13-0 


0-818 


0-827 


0-836 


0-844 


0-852 


0-867 


0-880 


0-893 


13-5 


0-839 


0-849 


0-859 


0-868 


0-876 


0-893 


0-907 


0-921 


140 


0-860 


0-871 


0-882 


0-891 


0-901 


0-918 


0-934 


0-948 


14-5 


0-881 


0893 


0-904 


0-915 


0925 


0943 


0960 


0-976 


150 


0-902 


0914 


0-926 


0-938 


0949 


0-969 


0-987 


1003 


15-5 


0-922 


0-935 


0-948 


0-960 


0-972 


0-993 


1-013 


1-030 


160 


0-942 


0-956 


0970 


0-983 


0995 


1018 


1-039 


1057 


170 


0-980 


0-997 


1012 


1-027 


1-041 


1067 


1-090 


1-111 


180 


1-018 


1-036 


1054 


1-070 


1-086 


1115 


1-141 


1 164 


190 


1-054 


1075 


1094 


1-112 


1-130 


1-162 


1-191 


1-216 


200 


1089 


1-112 


11 34 


1-154 


1-173 


1-208 


1-240 


1-268 


210 


1123 


1-148 


1-172 


1194 


1 216 


1-254 


1-289 


1-320 


22-0 


1-156 


1184 


1-210 


1-234 


1-257 


1-300 


1-337 


1-371 


230 


1-188 


1-219 


1-247 


1-274 


1-299 


1-345 


1-385 


1-422 


240 


1-220 


1-252 


1-283 


1-312 


1-339 


1-389 


1-433 


1-473 


250 


1-250 


1-286 


1-319 


1-350 


1-379 


1-433 


1-480 


1-523 


260 


1-280 


1-318 


1-354 


1-387 


1-419 


1-476 


1-527 


1-573 


27-0 


1-308 


1-350 


1-388 


1-424 


1-458 


1-520 


1-574 


1-622 


280 


1-337 


1-381 


1-422 


1-461 


1-497 


1-562 


1-620 


1-672 


29^ 


1-364 


1-411 


1-455 


1-496 


1-535 


1-605 


1 666 


1-721 


30i) 


1-391 


1-441 


1-488 


1-532 


1-573 


1-647 


1-712 


1-770 
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TABLE 90 MOMENT OF INERTIA OF CRACKED SECTION 



VALUES OF /,/ 



(^) 



d'M~0-20 



HafM 








Mm 


-l)/(ptm) 








W" 


' OO 


0-1 


0-2 


0-3 


0-4 


0-6 


0-8 


1-0 


1-0 


0-100 


0-100 


0-100 


0-100 


0-100 


0-100 


0100 


0-100 


1-5 


0-143 


0-143 


0-143 


0-143 


0-144 


0144 


0144 


0-144 


2-0 


0-185 


0-185 


0-185 


0185 


0-185 


0-185 


0-185 


0-185 


2*5 


0-224 


0^224 


0-224 


0-224 


0-224 


0-224 


0-224 


0-224 


3-0 


0-262 


0-262 


0-262 


0-262 


0-262 


0-7^7, 


0-262 


0-262 


3-3 


0-298 


0-298 


0-298 


0-298 


0-298 


0-298 


0-298 


0-298 


4-0 


0-332 


0-333 


0-333 


0-333 


0-333 


0-333 


0-333 


0-333 


4-5 


0-366 


0-366 


0-366 


0-367 


0-367 


0-367 


0-367 


0-368 


5-0 


0-398 


0399 


0-399 


0-399 


0-400 


0-400 


0-401 


0-401 


5-5 


0-430 


0-430 


0-431 


0-431 


0-432 


0-432 


0-433 


0-434 


6-0 


0-460 


0-461 


0-462 


0-462 


0-463 


0-464 


0-465 


0-466 


6-5 


0-490 


0-491 


a492 


0-492 


0-493 


0-495 


0-496 


0-497 


7-0 


0-519 


0-520 


0-521 


0-522 


0-523 


0-525 


0-526 


0-528 


7-5 


0-547 


0-548 


0-550 


0-551 


0-552 


0-554 


0*556 


0-558 


8-0 


0-575 


0-576 


0-578 


0-579 


0-580 


0-583 


0-586 


0-588 


8-5 


Q-601 


0-603 


0-605 


0-607 


0-608 


0-612 


0-614 


0-617 


9-0 


0-628 


0-630 


0-632 


0-634 


0-636 


0-639 


0-643 


0-646 


9*5 


0-653 


0-656 


0-658 


0-660 


0-663 


0-667 


0-671 


0-675 


1(H) 


0-678 


0-681 


0-684 


0-687 


0-689 


0-694 


0-699 


0-703 


10-5 


0-703 


0-706 


0-709 


0-712 


0-715 


0-721 


0-726 


0-731 


11-0 


0-727 


0-730 


0-734 


0-737 


0-741 


0-747 


0-753 


0-758 


11-5 


0-750 


0-754 


0-758 


0-762 


0-766 


0-773 


0-779 


0-785 


120 


0-773 


0-778 


0-782 


0-787 


0791 


0-799 


0-806 


0-812 


12-5 


0-795 


0-801 


0-806 


0-811 


815 


0-824 


0-832 


0839 


13-0 


0-818 


0-823 


0-829 


0-834 


0-839 


0-849 


0-857 


0-865 


13-5 


0-839 


0-846 


0-852 


0-858 


0-863 


0-874 


0*883 


0-892 


14-0 


0-860 


0-867 


0-874 


0-881 


0-887 


0-898 


0-908 


0-918 


14-5 


0-881 


0-889 


0-896 


0-903 


0-910 


0-922 


0-933 


0-943 


15-0 


0-902 


0-910 


0-918 


0-926 


0-933 


0-946 


0*958 


0-969 


15-5 


0-922 


0-931 


0-940 


0-948 


0-955 


0-970 


0*983 


0-994 


16-0 


0-942 


0-952 


0-961 


0-969 


0-978 


0-993 


1-007 


1-020 


17-0 


0-980 


0-992 


1-002 


1012 


1-022 


1-039 


1-055 


1-070 


18-0 


1-018 


1-031 


1-043 


1-054 


1-065 


1-085 


1-103 


1*119 


190 


1-054 


1-068 


1-082 


1-095 


1107 


1-129 


1-150 


1-168 


20-0 


1-089 


1105 


1120 


1-135 


1-148 


1-173 


1196 


1:216 


21-0 


1123 


1-141 


1-158 


1174 


1189 


1-217 


1-241 


1-264 


22-0 


1-156 


1176 


1195 


1-212 


1-229 


1-259 


1-287 


1-311 


23-0 


1-188 


1-210 


1-231 


1-250 


1-268 


1-302 


1-331 


1*358 


240 


1-220 


1-244 


1-266 


1-287 


1-307 


1-343 


1-376 


1*405 


250 


1-250 


1-276 


1-301 


1-324 


1-345 


1-384 


1-419 


1-451 


26-0 


1-280 


1-308 


1-334 


1-359 


1-383 


1-425 


1-463 


1*497 


iro 


1-308 


1-339 


1-368 


1-395 


1420 


1-465 


1-506 


1-542 


28 


1-337 


1-370 


1-400 


1-429 


1-456 


1-505 


1*549 


1-587 


290 


1-364 


1-399 


1-433 


1-463 


1-492 


1-545 


1*591 


1*632 


300 


1-391 


1-429 


1-464 


1-497 


1-528 


1*584 


1-633 


1-677 
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TABLE 91 DEPTH OF NEUTRAL AXES — VALUES OF xld 
BY ELASTIC THEORY 



d'ld=0-OS 











Pt(m 


-mptm) 








Pt/n 


' 0-0 


01 


0-2 


0-3 


0-4 


0-6 


0-8 


1-0 


1-0 


0132 


0131 


0131 


0-130 


0130 


0-128 


0-127 


0-126 


1-5 


0-159 


0158 


0-157 


0-156 


0-155 


0-153 


0152 


0-150 


20 


0-181 


0180 


0-178 


0-177 


0-176 


0-173 


0-171 


0169 


2-5 
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0197 
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0-190 


0-187 


0185 


3-0 


0-217 


0-215 


0-213 


0-211 


0-209 


0-205 


0-202 


0-198 


3-5 


0-232 


0-230 


0-227 


0-225 


0-223 


0-218 


0-214 


0-210 


40 


0-246 


0-243 


0-240 


0-238 


0-235 


0-230 


0-223 


0-221 


4-5 


0-258 


0-255 


0-252 


0-249 


0-246 


0-241 


0-235 


0-230 


50 


0-270 


0-267 


0-263 


0-260 


0-257 


0-251 


0-245 


0-239 


5-5 


0-281 


0-277 


0-274 


0-270 


0-267 


0-260 


0-253 


0-247 


6-0 


0-292 


0-287 


0-284 


0-280 


0-276 


0-268 


0.261 


0-255 


6-5 


0-301 


0-297 


0-293 


0!288 


0-284 


0-276 


0.269 


0-462 


7-0 


0-311 


0-306 


0-301 


0-297 


0-292 


0-284 


0.276 


0-268 


7-5 


0-319 


0-314 


0-309 


0-305 


0-300 


0-291 


0.282 


0-274 


8-0 


0-328 


0-323 


0-317 


0-312 


0-307 


0-298 


0.289 


0-280 


8-5 


0-336 


0-330 


0-325 


0-319 


0-314 


0-304 


0-294 


0-285 


9-0 


0-344 


0-338 


0-332 


0-326 


0^321 


0-310 


0-300 


0-291 


9-5 


0-351 


0-345 


0-339 


0-333 


0-327 


0-316 


0-305 


0-295 
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0-358 


0-352 


0-345 


0-339 


0-333 


0-321 


0-310 


0-300 


10-5 


0-365 


0-358 


0-351 


0-345 


0-339 


0-326 


0-315 


0-304 


11-0 


0-372 


0-365 


0-358 


0-351 


0-344 


0-332 


0-320 


0-309 


11-5 


0-378 


0-371 


0-363 


0-356 


0-349 


0-336 


0-324 


0-313 


12-0 


0-384 


0-377 


0-369 


0-362 


0-355 


0-341 


0-328 


0-316 


12-5 


0-390 


0-382 


0-374 


0-367 


0-359 


0-345 


0-332 


0-320 


13-0 


0-396 


0-388 


0-380 


0-372 


0-364 


0-350 


0-336 


0-324 


13-5 


0-402 


0-393 


0-385 


0-377 


0-369 


0-354 


0-340 


0-327 


140 


0-407 


0-398 


0-390 


0-381 


0-373 


0-358 


0-344 


0-330 


14-5 


0-413 


0-403 


0-394 


0-386 


0-378 


0-362 


0-347 


0-333 


15-0 


0-418 


0-408 


0-399 


0-390 


0-382 


0-365 


0-350 


0-336 


15-5 


0423 


0-413 


0-404 


0-395 


0-386 


0-369 


0-354 


0-339 


16-0 


0-428 


0-418 


0-408 


0-399 


0-390 


0-373 


0-357 


0-342 


170 


0-437 


0-427 


0-416 


0-40T 


0-397 


0-379 


0-363 


0-347 


18-0 


0-446 


0-435 


0-425 


0-414 


0-404 


0-386 


0-368 


0-352 


190 


0-455 


0-443 


0-432 


0^21 


0-411 


0-392 


0-374 


0-357 


20K) 


0-463 


0-451 


0-439 


0-428 


0-417 


0-397 


0-379 


0-362 


21-0 


0-471 


0-459 


0-446 


0-435 


0-424 


0-403 


0-383 


0-366 


22-0 


0-479 


0-466 


0-453 


0-441 


0-429 


0-408 


0-388 


0-370 


230 


0-486 


0-472 


0-459 


0-447 


0-435 


0-413 


0-392 


0-373 


24-0 


0-493 


0-479 


0-465 


0-453 


0-440 


0-417 


0-396 


0-377 


25-0 


0-500 


0-485 


0-471 


0-458 


0-445 


0-422 


0-400 


0-380 


260 


0-507 


0-491 


0-477 


0-463 


0-450 


0-426 


0-404 


0-384 


27-0 


0-513 


0-497 


0-482 


0-468 


0-455 


0-430 


0-407 


0-387 


28-0 


0-519 


0-503 


0-488 


0-473 


0-459 


0-434 


0-411 


0-390 


29-0 


0-525 


0-508 


0-493 


0-478 


0-464 


0-437 


0-414 


0-392 


30-0 


0-531 


0-514 


0-498 


0-482 


0-468 


0-441 


0-417 


0-395 
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TABLE 92 DEPTH OF NEUTRAL AXIS — VALUES OF xfd 
BY ELASTIC THEORY 
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01 
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0-3 
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-^ 
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10 


0132 
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0-131 
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1-5 
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0157 
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0155 


0-154 
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0181 


0180 


0179 
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0-178 


0-176 


0175 


0174 
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0*200 


0-199 


0-198 


0-197 


0196 


0-194 


0-192 


0190 


30 
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0-215 


0-214 


0-213 


0-211 


0-209 


0-206 


0-204 


3-5 


0-232 


0-230 


0-228 


0-227 


0-225 


0-222 


0-219 


0-216 


4-0 


0-246 


0-244 


0-242 


0-240 


0-238 


0-234 


0-231 


0-227 


4-5 


0-258 


0-256 


0-254 


0-252 


0-249 


0-245 


0-241 


0-237 


50 


0-270 


0-268 


0-265 


0-262 


0-260 


0-255 


0-251 


0-246 


5-5 


0-281 


0-278 


0-275 


0-273 


0-270 


0-265 


0-260 


0-255 


60 


0-292 


0-288 


0-285 


0-282 


0-279 


0273 


0268 


0-263 


6-5 


0-301 


0-298 


0-294 


0-291 


0-288 


0-282 


0-276 


0-270 


7-0 


0-311 


0-307 


0-303 


0-299 


0-296 


0-289 


0-283 


0-277 


7-5 


0-319 


0-315 


0-311 


0-307 


0-304 


0-296 


0-290 


0-283 


80 


0-328 


0-324 


0-319 


0-315 


0-311 


0-303 


0-296 


0-289 


8-5 


0-336 


0-331 


0-327 


0-322 


0-318 


0-310 


0-302 


0-295 


9-0 


0-344 


0-339 


0-334 


0-329 


0-325 


0-316 


0-308 


0-300 


9-5 


0-351 


0-346 


0-341 


0-336 


0-331 


0-322 


0-313 


0-305 


10-0 


0-358 


0-353 


0-347 


0-342 


0-337 


0-327 


0-318 


0-310 


10-5 


0-365 


0-359 


0-354 


0-348 


0-343 


0-333 


0-323 


0-314 


n-0 


0-372 


0-366 


0-360 


0-354 


0-349 


0-338 


0-328 


0-319 


11-5 


0-378 


0-372 


0-366 


0-360 


0-354 


0-343 


0-333 


0-323 


12K) 


0-384 


0-378 


0-371 


0-365 


0-359 


0-348 


0-337 


0*327 


12-5 


0-390 


0-383 


0-377 


0-370 


0-364 


0-352 


0-341 


0-331 


130 


0-396 


0-389 


0-382 


0-375 


0-369 


0-357 


0-345 


0-335 


13-5 


0-402 


0-394 


0-387 


0-380 


0-374 


0-361 


0-349 


0.338 


14-0 


0-407 


0-400 


0-392 


0-385 


0-378 


0-365 


0-353 


0.342 


14-5 


0-413 


0-405 


0-397 


0-390 


0-382 


0-369 


0-357 


0.345 


15-0 


0-418 


0-410 


0-402 


0-394 


0-387 


0-373 


0-360 


0.348 


15-5 


0-423 


0-414 


0-406 


0-398 


0-391 


0-377 


0-363 


0.351 


160 


0-428 


0-419 


0-411 


0-403 


0-395 


0-380 


0-367 


0-354 


17-0 


0-437 


0-428 


0-419 


0-411 


0-403 


0-387 


0-373 


0-360 


180 


0-446 


0-437 


0-427 


0-418 


0-410 


0-394 


0-379 


0-365 


190 


0-455 


0-445 


0-435 


0-426 


0-417 


0-400 


0-384 


0-370 


200 


0-463 


0-453 


0-442 


0-433 


0-423 


0-406 


0-389 


0-375 


21-0 


0-471 


0-460 


0-449 


0-439 


0-429 


0.411 


0-394 


0-379 


220 


0-479 


0-467 


0-456 


0-445 


0-435 


0.416 


0-399 


0-383 


23-0 


0-486 


0-474 


0-462 


0-451 


0-441 


0.421 


0-403 


0-387 


24-0 


0-493 


0-481 


0-469 


0-457 


0-446 


0.426 


0-408 


0-391 


25-0 


0-500 


0-487 


0-475 


0463 


0-452 


0.431 


0-412 


0-394 


260 


0-507 


0-493 


0-480 


0-468 


0-457 


0-435 


0-416 


0-398 


27-0 


0-513 


0-499 


0-486 


0-473 


0-461 


0-439 


0-419 


0-401 


280 


0-519 


0-505 


0-491 


0-478 


0-466 


0-443 


0-423 


0-404 


29-0 


a525 


0-510 


0-496 


0-483 


0-470 


0-447 


0-426 


0-407 


30-0 


0-531 


0-516 


0501 


0-488 


0-475 


0-451 


0-429 


0-410 
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TABLE 93 DEPTH OF NEUTRAL AXIS - VALUES OF xjd 
BY ELASTIC THEORY 
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20 
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0-200 


0.199 
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0-198 


0-198 
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0-196 
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30 


0-217 


0-216 


0-215 


0-214 


0-214 


0-212 


0-211 


0-209 


3-5 


0.232 


0-231 


0-230 


0-229 


0-228 


0-226 


0-224 


0-222 


40 


0.246 


0-244 


0-243 


0-242 


0-241 


0-238 


0-236 


0-234 


4-5 


0-258 


0*257 


0-255 


0-254 


0-252 


0-249 


0-247 


0-244 


50 


0-270 


0-268 


0-266 


0-265 


0-263 


0-260 


0-257 


0-254 


5-5 


0-281 


0-279 


0*277 


0-275 
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0-270 






n.«\AA 


n ««A^ 


i\ <\A J 








n.*%mtt 


O'J 


U.3V1 


\rj.yy 


Ui^O 


Miy* 


u-^yi 


yi-jMi 


u-^o^ 


Vi,ll> 


70 


0-311 


0-308 


0-305 


0-302 


0-299 


0-294 


0-290 


0-285 


7-5 


0-319 


0-316 


0-313 


0-310 


0-307 


0-302 


0297 


0-292 


80 


0-328 


0-324 


0-32 i 


0-318 


0-315 


0-309 


0-303 


0-298 


8-5 


0-336 


0-332 


0-329 


0-325 


0-322 


0-315 


0-309 


0-304 


90 


0-344 


0-340 


0-336 


0-332 


0-329 


0-322 


0-315 


0-309 


9-5 


0-351 


0-347 


0-343 


^339 


0-335 


0-328 


0-321 


0-315 


10-0 


0-358 


0-354 


0-349 


0-345 


0-341 


0-334 


0-326 


0-320 


10-5 


0-365 


0-360 


0-356 


0-351 


0-347 


0-339 


0-332 


0-324 


110 


0-372 


0-367 


0-362 


0-357 


0-353 


0-344 


0-336 


0-329 


11-5 


0-378 


0-373 


0-368 


0-363 


0-358 


0-349 


0-341 


0-333 


120 


0-384 


0-379 


0-374 


0-369 


0-364 


0-354 


0-346 


0-338 


12-5 


0-390 


0-385 


0-379 


0-374 


0-369 


0-359 


0-350 


0-342 


no 


0-396 


0-390 


0-384 


0-379 


0-374 


0-364 


0-354 


0-345 


13-5 


0-402 


0-396 


0-390 


0-384 


0-378 


0-368 


0-358 


0-349 


14-0 


0-407 


0-401 


0-395 


0-389 


0-383 


0-372 


0-362 


0-353 


14-5 


0-413 


0-406 


0-400 


0-393 


0-387 


0-376 


0-366 


0-356 


150 


0-418 


0-411 


0-404 


0-398 


0-392 


0-380 


0-369 


0360 


15-5 


0-423 


0-416 


0-409 


0-402 


0-396 


0-384 


0-373 


0-363 


160 


0-428 


0-420 


0-413 


0-407 


0-400 


0-388 


0-376 


0-366 


170 


0-437 


0-429 


0-422 


0-415 


0-408 


0-395 


0-383 


0-372 


180 


0-446 


0-438 


0-430 


0-422 


0-415 


0-401 


0-389 


0-377 


19-0 


0-455 


0-446 


0-438 


0-430 


0-422 


0-408 


0-395 


0-382 


200 


0-463 


0-454 


0-445 


0-437 


0-429 


0-414 


0-400 


0-387 


210 


0-471 


0462 


0-452 


0-444 


0-435 


0-419 


0-405 


0-392 


22-0 


0-479 


0-469 


0-459 


0-450 


0-441 


0-425 


0-410 


0-396 


23-0 


0-486 


0-476 


0-466 


0-456 


0-447 


0-430 


0-415 


0-401 


24-0 


0-493 


0-482 


0-472 


0-462 


0-452 


0-435 


0-419 


0405 


25-0 


0-500 


0-489 


0-478 


0-468 


0-458 


0-440 


0-423 


0-408 


26-0 


0-507 


0-495 


0-484 


0-473 


0-463 


0-444 


0-427 


0-412 


27-0 


0-513 


0-501 


0-489 


0-478 


0-468 


0-448 


0-431 


0-415 


28-0 


0-519 


0-506 


0-494 


0-483 


0-472 


0-453 


0-435 


0-419 


29-0 


0-525 


0-512 


0-500 


0-488 


0-477 


0-457 


0-438 


0-422 


300 


0-531 


0-517 
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0-505 


0-493 


0-481 


0-460 


0-442 
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TABLE 94 DEPTH OF NEUTRAL AXIS — VALUES OF x}d 
BY ELASTIC THEORY 
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0135 
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20 
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2-5 
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30 
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0.216 
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0-230 
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40 
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0-241 
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0-255 


0-254 


0-252 
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50 
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0-269 


0-268 
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0-266 


0-264 
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0-261 


55 


0-281 


0-280 


0-279 


0-277 


0-276 


0-274 
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0-270 


60 


0-292 


0-290 


0-289 


0-287 


0-286 


0283 


0-280 


0-278 


6-5 


0-301 


0-300 


0-298 


0-29.. 


0-295 


0-291 


0-289 


0-286 


70 


0-311 


0-309 


0-307 


0-305 


0-303 


0-300 


0-296 


0-293 


7-5 


0-319 


0-317 


0-315 


0-313 


0-311 


0-307 


0-303 


0-300 


80 


0-328 


0-325 


0-323 


0-321 


0-319 


0-314 


0-310 


0-306 


8-5 


0-336 


0-333 


0-331 


0-328 


0-326 


0-321 


0-317 


0313 


90 


0-344 


0-341 


0-338 


0-335 


0-333 


0-328 


0-323 


0-318 


9-5 


0*351 


0-348 


0-345 


0-342 


0-339 


0-334 


0-329 


0-324 


100 


0-358 


0-355 


0-352 


0-348 


0-345 


0-340 


0-334 


0-329 


10-5 


0-365 


0-362 


0-358 


0-355 


0-351 


0-345 


0-340 


0-334 


110 


0-372 


0-368 


0-364 


0-361 


0-357 


0-351 


0-345 


0-339 


11-5 


0-378 


0-374 


0-370 


0-366 


0-363 


0-356 


0-349 


0-343 


120 


0-384 


0-380 


0-376 


0-372 


0-368 


0-361 


0-354 


0-348 


12-5 


0-390 


0-386 


0-382 


0-377 


0-373 


0-366 


0-359 


0-352 


130 


0-396 


0-391 


0387 


0383 


0-378 


0-370 


0-363 


0-356 


13-5 


0402 


0-397 


0-392 


0-388 


0-383 


0-375 


0-367 


0360 


140 


0-407 


0-402 


0-397 


0-392 


0-388 


0-379 


0-371 


0364 


14-5 


0-413 


0-407 


0-402 


0-397 


0-392 


0-383 


0-375 


0-367 


150 


0-418 


0-412 


0-407 


0-402 


0-397 


0-387 


0-379 


0-371 


15-5 


0-423 


0-417 


0-411 


0-406 


0-401 


0-391 


0-382 


0-374 


16-0 


0-428 


0-422 


0-416 


0-410 


0-405 


0-395 


0-386 


0-377 


17 


0-437 


0-431 


0-425 


0-419 


0-413 


0-402 


0-393 


384 


180 


0-446 


0-439 


0-433 


0-427 


0-421 


0-409 


0-399 


0-389 


190 


0-455 


0-448 


0-441 


0-434 


0-428 


0-416 


0-405 


0-395 


200 


0-463 


0-456 


0-448 


0-441 


0-434 


0-422 


0-410 


0400 


210 


0-471 


0-463 


0-455 


0-448 


0-441 


0-428 


0-416 


0-405 


220 


0-479 


0-470 


0-462 


0-454 


0-447 


0-433 


0-421 


0-409 


230 


0-486 


0-477 


0-469 


0-461 


0-453 


0-439 


0-426 


0-414 


240 


0-493 


0-484 


0-475 


0-467 


0-459 


0-444 


0-430 


0-418 


250 


0-500 


0-490 


0-481 


0-472 


0-464 


0-449 


0-435 


0-422 


260 


0-507 


0-496 


0-487 


0-478 


0-469 


0-453 


0-439 


0-426 


27-0 


0-513 


0-502 


0-492 


0-483 


0-474 


0-458 


0-443 


0-429 


28-0 


0-519 


0-508 


0-498 


0-488 


0-479 


0-462 


0-447 


0-433 


290 


0-525 


0-514 


0-503 


0-493 


0-484 


0-466 


0-450 


0-436 


300 


0-531 


0-519 


0-508 


0-498 


0-488 


0-470 


0-454 


0-439 
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TABLE 95 AREAS OF GIVEN NUMBERS OF BARS IN cm* 



Number 










Bar Diambiter, mm 












OF Bars ^ 


8 


10 


12 


14 


16 


18 


20 


22 


25 


28 


32 


— ^ 

36 


1 


0-28 


0-50 


0-79 


1-13 


1-54 


2-01 


2-54 


314 


3-80 


4-91 


616 


8 04 


1018 


2 


0-56 


100 


1-57 


2-26 


3-07 


402 


5-08 


6-28 


7-60 


9-81 


12-31 


16-08 


20-35 


3 


0-84 


1-50 


2-35 


3-39 


4-61 


603 


7-63 


9-42 


11-40 


14-72 


18-47 


24-12 


30-53 


4 


1-13 


201 


3-14 


4-52 


615 


804 


10-17 


12-56 


15-20 


19-63 


24-63 


3217 


40-71 


5 


1-41 


2-51 


3-92 


5-65 


7-69 


10-05 


12-72 


15-70 


1900 


24-54 


30-78 


40-21 


50-89 


6 


1-69 


301 


4-71 


6-78 


9-23 


1206 


15-26 


18-85 


22-80 


29-45 


36-94 


48-25 


61-07 


7 


197 


351 


5-49 


7-91 


10-77 


1407 


17-81 


21-99 


26 60 


34-36 


4310 


56-29 


71-25 


8 


2-26 


402 


6-28 


904 


12-31 


16-08 


20-35 


2513 


30-41 


39-27 


49-26 


64-34 


81-43 


9 


2-54 


4-52 


7-06 


1017 


13-85 


18-09 


22-90 


28-27 


34-21 


4417 


55-41 


72-38 


91-60 


10 


2-82 


5*02 


7-85 


11-31 


15-39 


20-10 


25-44 


31-41 


3801 


4908 


61-57 


80-42 


101-78 


11 


311 


5-52 


8-63 


12-44 


16-93 


2211 


27-99 


34 55 


41-81 


5399 


67-73 


88-46 


111-96 


12 


3-39 


603 


9-42 


13-57 


18-47 


24-12 


3053 


37-69 


45-61 


58-90 


73-89 


96-51 


12214 


13 


3-67 


6-53 


10-21 


14-70 


2001 


26-13 


33-08 


40-84 


49-41 


63-81 


8004 


104-55 


132-32 


14 


3-95 


7-03 


10-99 


15-83 


21-55 


28-14 


35-62 


43-98 


53-21 


68-72 


86-20 


112-59 


142-50 


15 


4-24 


7-54 


11-78 


16-96 


23-09 


30-15 


38-17 


47-12 


5702 


73-63 


92-36 


120-63 


152-68 


16 


4-52 


804 


12-56 


18-09 


24-63 


32-17 


40-71 


50-26 


60-82 


78-54 


98-52 


128-68 


162-86 


17 


4-80 


8-54 


13-35 


19-22 


26-17 


34-18 


43-26 


53-40 


64-62 


83-44 


104-67 


136-72 


173 03 


18 


508 


904 


14-13 


20-35 


27-70 


36-19 


45-80 


56-54 


68-42 


88-35 


1 10-83 


144-76 


18321 


19 


5-37 


9-55 


14-92 


21-48 


29-24 


38-20 


48-34 


59-69 


72-22 


93-26 


116-99 


152-80 


193-39 


20 


5-65 


1005 


15-70 


22-62 


30-78 


40-21 


50-89 


62-83 


76-02 


9817 


123-15 


16085 


203-57 
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TABLE 96 AREAS OF BARS AT GIVEN SPACINGS 
Values in cm2 per Meter Width 

Spacing ^** Diai^btir, mm 



cm 


6 


8 


10 


12 


14 


16 


18 


20 


22 


25 


28 


32 


5 


5-65 


1005 


15-71 


22-62 


30-79 


40-2! 


50-89 


62-83 


7603 


9817 


123-15 


160-85 


6 


4*71 


8-38 


1309 


18-85 


25-66 


33-51 


42-41 


52-36 


63-36 


81-81 


102-68 


34-04 


7 


404 


7-18 


11-22 


16-16 


21-99 


28-72 


36-35 


44-88 


54-30 


70-12 


87-96 


14-89 


8 


3-53 


6-28 


9-82 


14-14 


19-24 


25-13 


31-81 


39-27 


47-52 


61-36 


76-9 


100-53 


9 


314 


5-58 


8-73 


12-57 


1710 


22-34 


28-27 


34-91 


42-24 


54-54 


68-42 


89-36 


10 


2-83 


503 


7-85 


11-31 


15-39 


2011 


25-45 


31-42 


38-01 


49-09 


61-57 


80-42 


11 


2-57 


4-57 


7-14 


10-28 


13-99 


18-28 


23-13 


28-56 


34-56 


44-62 


55-98 


73-11 


12 


2-36 


419 


6-54 


9-42 


12-83 


16-75 


21-21 


2618 


31-68 


40-91 


51-31 


67-02 


13 


2-17 


3-87 


604 


8-70 


11-84 


15-47 


19-57 


24-17 


29-24 


37-76 


47-37 


61-86 


14 


202 


3-59 


5-61 


8-08 


11-00 


14-36 


18-18 


22-44 


27-15 


35-06 


43-98 


57-45 


15 


1-88 


3-35 


5-24 


7-54 


10-26 


13-40 


16-96 


20-94 


25-34 


32-72 


41-05 


53-62 


16 


1-77 


3-14 


4-91 


707 


9-62 


12-57 


15-90 


19-63 


23-76 


30-68 


38-48 


50-27 


17 


1-66 


2-96 


4-62 


6-65 


9-05 


11-83 


14-97 


18-48 


22-36 


28-87 


36-22 


47-31 


18 


1-57 


2-79 


4-36 


6-28 


8-55 


11-17 


14-44 


17-45 


21-12 


27-27 


24-21 


44-68 


19 


1-49 


2-65 


413 


5-95 


8-10 


10-58 


13-39 


16-53 


20-01 


25-84 


32-41 


42-33 


20 


1-41 


2-51 


3-93 


5-65 


7-70 


10-05 


12-72 


15-71 


19-01 


24-54 


30-79 


4021 


21 


1-35 


2-39 


3-74 


5-39 


7-33 


9-57 


1212 


14-96 


18-10 


23-37 


29-32 


38-30 


22 


1-28 


2-28 


3-57 


514 


700 


914 


11-57 


4-28 


17-28 


22-31 


27-99 


36-56 


23 


1-23 


2-18 


3-41 


4-92 


6-69 


8-74 


11-06 


13-66 


16-53 


21-34 


26-77 


34-97 


24 


118 


209 


3-27 


4-71 


6-41 


8-38 


10-60 


13-09 


15-84 


20-54 


25-66 


33-51 


25 


1-13 


201 


314 


4-52 


6-16 


8-04 


10-18 


12-57 


15-20 


19-63 


24-63 


3217 


26 


109 


1-93 


3-02 


4-35 


5-92 


7-73 


9-79 


12-08 


14-62 


18-88 


23-68 


3093 


27 


1-05 


1-86 


2-91 


4-19 


5-70 


7-45 


9-42 


11-64 


1408 


1818 


22-81 


29-79 


28 


101 


1-79 


2-80 


404 


5-50 


7-18 


909 


11-22 


13-58 


17-53 


21-99 


28-76 


29 


0-97 


1-73 


2-71 


3-90 


5-31 


6-93 


8-77 


10-83 


13-11 


16-93 


21-23 


27-73 


30 


0-94 


1-68 


2-62 


3-77 


513 


6-70 


8-48 


10-47 


12-67 


16-36 


20-52 


26-81 


32 


0-88 


1-57 


2-45 


3-53 


4-81 


6-28 


7-95 


9-82 


11-88 


15-34 


19-24 


25*13 


34 


0-83 


1-48 


2-31 


3-33 


4-53 


5-91 


7-48 


9-24 


11-18 


14-44 


1811 


23-65 


36 


0-78 


1-40 


218 


314 


4-28 


5-58 


707 


8-73 


10-56 


13-63 


17-10 


22-34 


38 


0-74 


1-32 


207 


2-98 


405 


5-29 


6-70 


8-27 


10-00 


12-92 


16-20 


21-16 


40 


0-71 


1-26 


1-96 


2-83 


3-85 


5-03 


6-36 


7-85 


9-50 


12-27 


15-39 


2011 
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Tabic 97 FIXED END MOMENTS FOR PRISMATIC BEAMS 



LOAD TYPE 



a h b 

I - 

P 



rB 



^ 



M 



fk 



Fob' 



PI 



i 



1/2 



fTTTl ■ 



.1/2 



B 



a h- — -b 
I- 



A:^ 



IQUHL 



w 



S -M— b 

-I- 



Wi 



A^xEnznuiB 



}*-i/2-*k- V2-h' 



w 



,|T[TTrrr^t 



h I 



B 



121* 



♦ Satl*i2lt3l-4s)»3sM 
121* 



12 



5wr 
96 



20 



t \ 



a — i4»-b-«{ 
Not*:- w is thg load per unit length 



M 



Ft 



Pa'b 



PI 
T 



ws 



-=^,l12a'b*5Ml-3on 
12 1' 



ws* 



wi* 
12 



5wr 

96 



wl' 
30 



M^12-^) 
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Table 98 DEFLECTION FORMULAE FOR PRISMATIC BEAMS 



w 



jUtMHUt 



384" El 



PI' 



tIT3 



|»V3*l*V3*r-V3T 



i8EI 



23 Pi' 
6i8EI 



•tiluiiii 



8EI 



J £1! 



Pi! 

3 EI 



Note:-W is total distributed load 



W 



t- — ' — H 



38tEI 



j: 



V-l/2-U-V2^^ 



5 PI' 



:; 192 EI 



t 



1^ 1^ fe 



Li J^t ^ ®*®^' 

/3*r'/3*r-'/3— ^ 



5 Pi' 



w 



iUUlUil _wii 



165 EI 



1- I 



M 
/ 16 " El 
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